
3. METHODS

a. At the time of each BSI data collection mission, blood
was collected from a small group of 11th Armored Cavalry Regiment
soldiers for this assay, Fifteen ml of venous blood was
collected in vacutainers containing sodium heparin .anticoagulant
using aseptic technique, Specimens were given a code
identification number, which was used consistently for all
samples and BSI data for that soldier. This blood was
transported on wet ice in less than 48 hrs from the data
collection site (Germany or Kuwait) to Microbiologicals, Inc.,
Rockville, MD, to the laboratory of Dr. David Jakobsen-Kram.

b. The peripheral blood lymphocytes were cultured in RPM1
1640 (GIBCO) medium supplemented with 15% fetal bovine serum, 1%
penicillin-streptomycin, 1% phytohemaqqlutinin (Burroughs-
Wellcome) and 10 pg/ml 5-bromo-2 '-deoxyuridine  (Brd/U)/ml
(complete medium). Cultures were established by adding 0.6 ml of
whole blood to 15 ml centrifuge tubes containing 9.4 ml complete
medium. The cultures were then incubated at 37?1°C with 5% CO2
in air for 68-70 hours. The treatment tubes were identified by
sample ID number. Two hours prior to harvest, Colcemid was added
to each culture at a final concentration of 0.1 pg/ml. After
harvest by centrifuqation, the cells were subjected to hypotonic
swelling in 0.075M KC1 and fixed in three changes of Carnoy's
fixative (methanol:glacial  acetic acid, 3:1, v/v) and then stored
overnight or longer at approximately 0-6°C. The cells were
suspended in a small volume of fixative and applied dropwise onto
precleaned, wet slides. The slides were stained with Hoechst
33258 (5 pq/ml) for approximately 10 minutes, mounted in
phosphate buffer, exposed to a black light lamp with 15 watt
tubes for approximately 4-8 minutes and then rinsed and
counterstained with 5% Giemsa solution at pH 6.8 for G-10
minutes.

C . Cytoqenetic evaluations were performed without observer
knowledge of the cell source. Whenever possible, a total of 25
well-spread and well-stained second-division metaphases were
evaluated per culture.

4. RESULTS.

a. A total of 61 blood samples were collected pre-
deployment (Germany, 6 June 1991), 51 during deployment (Kuwait,
11 August 1991), and 36 post-deployment (Germany, 10 October,
1991) . The number of collections varies due to availability of
soldiers for phlebotomy at the times of the two later data
collection missions. Summary tables of SCE count means follow.

b. Only 26 soldiers had values available for all three
sampling points. Fifty soldiers had samples taken PRE and-
DURING, and 35 had samples taken PRE and POST.
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C . DURING and POST SCE values differ significantly from PRE
values, by paired t-tests. Non-parametric alternative testing
and repeated measures analyses also yielded significant
differences

Table SCE-1.

PRE DURING POST

N

5oa 4.33b _f o.53d 5.12 2 0.64

35 4-38' f O-55 5.28 2 0.72

il N varies due to differences in soldiers available for
phlebotomy during each collection mission.

b p < 0.0001 comparing PRE to DURING, paired t-test

c p < 0.0001 comnparing PRE to POST, paired t-test

d Mean -+ s-d. of individual means of SCEs per cell.

5. DISCUSSION

a. The summary comparisons described here shoy higher SCE
frequency in Kuwait during deployment, and in Germany post-
deployment, than the pre-deployment levels measured in a small
group of 1lACR soldiers. These differences are numerically
significant by paired t-test.

b. Sister Chromatid Exchanges probably represent sum
effects of recent and near-past exposures. The half-life of
peripheral lymphocytes varies; although many lymphocytes are in
the circulation less than 30 days, some subsets of T-lymphocytes
may persist for up to nine months (1). Similarly, although some
studies show that SCE increases diminish within days after
cessation of exposure to genotoxics, others show that SCEs remain
elevated for up to eight weeks (2).

C . One interpretation of the SCE elevations detailed here
would be that genotoxic exposures increased among these soldiers
during the time spent in Kuwait. This broad statement does not
discriminate among dietary, occupational, and ambient
environmental sources of genotoxic agents.

d. The results described here likewise do not reflect any
attempt to control for smoking, diet, or occupationdl exposures
in the comparisons. This effort is in progress at the time of

F-5-4



this writing (NOVEMBER 93) and information gained therefrom will
be the basis for amendments to this report.
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KUWAIT OIL FIRES HEALTH RISK ASSESSMENT BIOLOGIC SURVEILLANCE
INITIATIVE

POLYCYCLIC AROMATIC HYDROCARBON (PAH)-DEOXYRIBONUCLEIC ACID (DNA)
ADDUCT ASSAY

Measurement of white blood cell polycyclic aromatic hydrocarbon-
DNA adducts in 1lACR personnel in Germany (S/91), Kuwait (8/91)
and Germany (10/91)

Prepared by: Miriam Poirier, Ph.D., Nathaniel Rothman, Ph.D.,
Bernadette Schoket, Hanadi Shamkhani, and Brian G. Scott, M.D.,
M-P-H., MAJ, MC USAR

1. SUMMARY * Blood from soldiers of the 11th Armored Cavalry
Regiment was collected and examined for markers of exposure to
polycyclic aromatic hydrocarbons. Collections were made before,
during and after deployment to Kuwait from Germany. Assay
results are consistent with low level exposures, and with
environmental characterization data. Results also indicate the
possibility that exposures to these compounds were lower in
Kuwait than in Germany. Some further clarification may be
possible after information on smoking, diet, and occupational
exposures is examined.

2. BACKGROUND

a. Planning research for the environmental characterization
of the Kuwait oil well fires indicated that polycyclic aromatic
hydrocarbons (PAH's) would be predominant contaminants. PAH's
include several potent human. carcinogens, especially
benzo[a]pyrene. For these reasons, measurement of exposure to
PAH's was included as an objective of the Biologic Surveillance
Initiative (BSI). One method selected was immunoassay of PAH-DNA
adducts in white blood cells. These adducts are covalently
bonded complexes of PAH molecules with DNA. White blood cells
provide an easily collected source of DNA which can be examined
for adducts. Exposure to PAHs is reflected in and correlated
with adduct levels (18).

b. Among immunoassays, the'competitive benzo[a]pyrene-DNA
enzyme-linked immunosorbent assay (ELISA) (1,2) and the
ultrasensitive radioimmunoassay (USERIA) (3) have been used for
determination of DNA adducts in human tissues. These assays were
established for the detection of benzo[a]pyrene  (BP)-DNA adducts
and employed polyclonal antisera elicited against DNA modified
with (~)-7P,8a-dihydroxy-9~,lOa-epoxy-7,8,9,1O-tetrahydro-
benzo[a]pyrene  (BPDE) (4). These antisera also recognize DNA
modified with diol-epoxides of other polycyclic aromatic
hydrocarbons (PAHs), including chrysene, benzanthracenes and
benzofluoranthenes and the immunoassays performed with them
compare the biological sample values with a (7R)-N'-{lo-
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[7B,8~,9~-trihydroxy-7,8,9,lO-tetrahydro-benzo(a)pyrene]-yl~-
deoxyguanosine (BPdG) - DNA standard curve. Because of the
heterogeneity of human exposure there are likely to be multiple
PAH-DNA adducts present on human DNA and because of the cross-
reactivity of the antiserum,
measured by this ELISA (5,6).

multiple adducts are probably being
Therefore, the ELISA results

obtained by comparison of biological samples with BPdG-DNA are
not precisely quantitative and are expressed as PAH-DNA adducts
(7) -

C. The data described here have been obtained using a more-
sensitive adaptation of the original ELISA, the dissociation-
enhanced lanthanide fluoroimmunoassay (DELFIA) (9). The DELFIA,
which has already been used in clinical practice (10) and DNA
research (ll), is based on the conjugation of a non-fluorescent
form of a lanthanide label, europium (Eu), to a secondary
immunocomponent. The lanthanide ion, bound to the solid phase,
is dissociated into solution forming a highly-fluorescent chelate
that is long-lived. The total chelate is then measured by time-
resolved fluorometry (12),
specific,

which eliminates interference by non-
short-lived background fluorescence, The specific

fluorescent properties of the lanthanide end-point and a biotin-
avidin amplification step are responsible for the increase in
assay sensitivity observed here.

3. METHODS

a. At the time of each BSI data collection mission, blood
was collected from a small group of 11th Armored'Cavalry  Regiment
soldiers for this assay. Forty ml of venous blood was collected
in vacutainers containing sodium heparin anticoaguldnt using
aseptic technique. Specimens were given a code identification
number, which was used consistently for all samples and BSI data
for that soldier. This blood was transferred to polyethylene
centrifuge tubes,
centrifuge.

and spun down at lOOOG using a tabletop

buffy coats,
Plasma and red cell mass were pipetted off from
and all three portions separately quick-frozen. The

buffy coats and red cell mass were transported on dry ice to the
Army Environmental Hygiene Agency, and still frozen, thence to
Microbiologicals, Inc., Rockville, MD. Under the direction of
Dr. David Jakobsen-Kram,
cell contents.

DNA was extracted from the buffy coat

b. The buffy coats of nucleated cells obtained from
anticoagulated blood were resuspended in 50 ml polypropylene
centrifuge tubes with 15 ml of nuclei lysis buffer (IOmM Tris-
HCl, 400 mM NaCl and 2 mM Na,EDTA,pH 8.2). The cell lysates were
digested overnight at 37OC with 1.0 ml of 10% SDS and 2.5 ml of a
protease K solution (1 mg protease K in 1% SDS and 2mM Na,EDTA).

C . After digestion,
M) were added to each tub,

5 ml of saturated NaCl (approximately 6
the tube vigorously shaken for about

15 seconds, followed by centrifugation at 2500 rpm for 15
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minutes. The precipitated protein pellet was left at the bottom
of the tube and the supernatant containing the DNA transferred to
another 50 ml polypropylene tube. Exactly 2 volumes of room
temperature absolute ethanol were added to the tube and the tube
inverted several time until the DNA precipitates.

d- The precipitated DNA was removed with a fire-polished
glass Pasteur pipet or micropipet tip to a 15 ml polypropylene
centrifuge tube containing 0.5 to 1 ml TE buffer (10 mM Tris-HCl,
0.2 mM Na,EDTA, pH 7.5). The DNA was allowed to dissolve at
least 2 hours at 37°C before quantitating.

e, An equal volume of chloroform was added to each tube
containing the DNA in TE buffer. The tubes were rocked by hand
until an emulsion is formed. The emulsion was centrifuged at
lGO0 x g at room temperature for at least 3 minutes. Using a
transfer pipet, the upper aqueous phase was transferred to a
fresh polypropylene tube and the volume transferred estimated.
The interface and lower organic phase were discarded.

f. The concentration of monovalent cations was adjusted
either by dilution with TE buffer (pH 8.0) if the DNA solution
contained high salt concentration or by addition of 5 N NaCl
solution to achieve a final concentration of 0.1 M.

4- Exactly 2 volumes of ice-cold absolute ethanol were
added to the tube and the tube inverted several times until the
DNA precipitated. The tube was stored at -20°C for 30 to 60
minutes to facilitate DNA precipitation if needed. The
supernatant was discarded. The tube was inverted on adsorbent
paper and remaining fluid aspirated in 'capillary tubes or
micropipet tips.

h- The pelleted DNA was resuspended in TE buffer such that
initially the concentration was higher than 500 pg/ml.' The DNA
concentration was determined by UV absorption at 260 nm. The DNA
concentration was adjusted to 500 pg/ml by addition of additional
TE buffer, The DNA samples were stored at 432 until transferred
to the Division of Cancer Etiology, National Cancer Institute,
NIH, Bethesda, MD.

i. DEAE-Dextran, DELFIA microtiter plates (hard-frame,
high-binding), DELFIA Assay Buffer, DELFIA Eu-labelled
streptavidin, DELFIA Enhancement Solution, DELFIA Wash
Concentrate-and Eu-labelled anti-rabbit IgG were purchased from
Wallac Inc., Gaithersburg, MD. Biotinylated anti-rabbit IgG (H+L)
was obtained from Vector Laboratories (Burlingame, CA). Calf
thymus DNA, anti-rabbit IgG (whole molecule) alkaline phosphatase
and 4-methylumbelliferyl phosphate were from Sigma (St. Louis,
MO). r3H]-BPDE, the anti isomer (1.48 Ci/mmol) was purchased from
the NC1 Chemical Carcinogen Repository; NIH, Bethesda, MD. [G-
'HI-BP (96 Ci/mmol) was obtained from Amersham (Arlington
Heights, IL). Preparation of BPdG-DNA was performed as described
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elsewhere (7); the modification levels were 28.1 pmole BPdG/pg
DNA (9.37 adducts/lo'  nucleotides) for highly modified and 2.48
fmole BPdG/pg DNA (8.27 adducts/lO' nucleotides) for low-modified
BPdG-DNA, The rabbit polyclonal antiserum elicited against BPdG-
DNA (antiserum 833) was prepared and characterized previously
(4).

L DELFIA microtiter plates (Wallac, Inc.) were precoated
with DEAE-Dextran in 0.05 M carbonate buffer, pH 9.1 (60 ng/ml,
300 ~1 per well) at 4'C for 24 hrs, then washed with PBS.
Designated wells were coated with 0.1 nq of either unmodified DNA
(for control) or highly modified BPdG-DNA standard
(experimental). Both samples for coating were denatured before
use by boiling for 5 min. Plates were dried by evaporation at
37'C overnight, and frozen.

k. At the time of assay, the plates were washed with PBS
containing 0.05% Tween 20 (PBS-Tween). Non-specific binding
sites were blocked by incubating the wells with 1% fetal calf
serum (FCS) in PBS-Tween at 37'C for 1 hr. The plates were then
washed again with PBS-Tween. Tubes for 1:2 serial dilutions of
denatured BPdG-DNA standard competitor were prepared by dilution
with denatured unmodified DNA to obtain a uniform per-well final
DNA content. For appropriate comparison the standard curve wells
must contain the same quantity of total DNA as the biological
sample wells (between 1 and 35 pq of DNA). Antiserum was diluted
to 1:1x10" with-2% FCS in PBS-Tween. Equal volumes of diluted
antiserum and standard competitor or bio.lo@ical sample DNA were
mixed together, and 100 ~1 was added to each well. After
incuba<ion at 37OC for 90 min the plates were washed with PBS-
Tween. Reconstituted- biotinylated antiirabbit IqG-(i-5 mg/ml H,O)
was diluted to 1:2500 with 1% FCS in PBS-Tween, and 100 ~1 was
added to each well for incubation at 37OC for 90 min. The plates
were-washed once with PBS-Tween and once with DELFIA wash
solution. Next, 100 ~1 of a 1:2000 dilution of Eu-streptavidin in
DELFIA Assay Buffer was added to the wells and plates were
incubated at room temperature for 60 min. Then the plates were
washed with PBS-Tween and DELFIA wash solution before 100 ~1 of
Enhancement Solution was added to each well. The plates were
subsequently shaken-on a plate rocker at room temperature for 2
hrs before fluorescence was measured by time-resolved fluorometry
on a Wallac Inc. 1234 Research Fluorometer (Wallac Inc.,
Gaithersburg, MD). Variability within the triplicate wells of
both standards and biological samples was improved when plates
with the Enhancement solution frozen at -2OOC for 12 hours before
measuring fluorescence. Variability of the % inhibition in
triplicate wells was 6.7% + 4.4% (mean f S.D., n=20).

4. RESULTS

a. Tables of summary data for the PAH-DNA adducts are
presented below.
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b. Summary (unmatched) comparisons of all subjects (N
ranges from 34-42) reveal an increase in PAH-DNA.adducts from
August (Kuwait) samples to October (Germany) samples. The
measured difference is significant to the p=O.O002 level.
Measurements in Yune (Germany) average more adducts than those
from August (Kuwait), but this difference is not statistically
significant (p=O.44).

C . Comparisons of only subjects who gave two or more
samples (N=30; N=26) also show an increase in PAH-DNA adducts
from August (Kuwait) samples to October (Germany) samples. The
measured difference is significant to the p=O.O063 level. Again,
a decrease is measured from June (Germany) to August (Kuwait),
but the difference is not statistically significant (p=O.46).

d. Comparisons among only subjects who gave 3 matched
samples (N=22) also show an increase in PAH-DNA adducts from
August (Kuwait) samples to October (Germany) samples. The
measured difference is significant to the p=O.O009 level. A mean
decrease is again shown from June (Germany) to August (Kuwait)
but the difference is not significant among this small group
(p=O.25)

These summary comparisons do not incorporate data
gatheE;d by questionnaire about smoking, diet, or occupational
exposures.

F-6-6



-Table D N A - l .
BSI DNA-PAH Adduct Assay

White Blood Cell PAH-DNA Adducts, by Month Tested

(For All Subjects)

Adducts/lO' nucleotidesAdducts/lO' nucleotides

Mean f SD Median Range p value for
difference'

Mean f SD Median Range p value for
difference'

MonthMonth NN

JuneJune 4242 2.62 + 3.332.62 + 3.33 1.71.7 0.4 - 17.30.4 - 17.3

0.44

Ahgust

0 -_-
I

lerler

34 2.52 + 4.14 0.6 0.4 - 17.6

0.0002

3838 4.06 f 3.204.06 f 3.20 3-53-5 O-4 - 17.8O-4 - 17.8

' By Wilcoxon Rank Sum Test for unmatched group comparisons- *' By Wilcoxon Rank Sum Test for unmatched group comparisons- *
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Table DNA-2.
BSI DNA-PAH Adduct Assay

White Blood Cell PAII-DNA Adducts, by Month Tested

(For Subjects Who Gave At Least 2 Matched Consecutive Samples)

Adducts/lO" nucleotides

Month N Mean i SD Median Range p value for
difference"

June 30 2.69 & 3.64 1.3 0.4 - 17.3

August 30
0.46

2.27 L 3.80 0.6 0.4 - 17.6

August 26 2.05 + 2.98 0.85 0.4 - 14.2
0.0063,

October 26 3.92 2 3.49 3.25 0.4 - 17.8

-/ By Wilcoxon Signed Rank Test for matched group comparisons
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e
TL DNA-3.

BSI DNA-PAH Adduct Assay

White Blood Cell PAH-DNA Adducts, by Month Tested

(For Subjects Who Gave 3 Matched Consecutive Samples)

Adducts/lO' nucleotides

Month N Mean + SD Median Range p value for
difference"

June 22 3.12 + 4.09 2.25 0.4 - 17.3

0.25

August 22 1.63 + 1.76 0.65 0.4 - 6.3

0
OC -,oer 22 3.96 2 3.49 3.25 0.4 - 17.6

0.0009

-

' By Wilcoxon Signed Rank Test for matched group comparisons
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5. DISCUSSION

a. The summary comparisons described here are consistent
across various groupings in showing a trend of higher levels of
PAH-DNA adducts for samples taken Germany than in Kuwait, both
before and after the June, 1991 deployment to Kuwait.
Differences from August (Kuwait) to Germany (October) are all
numerically significant.

b. The half-time in vivo for adducts such as these is
somewhat unclear. Many cells are short-lived, but some
lymphocytes are long-lived and may contain persistent adducts.
Thus, these PAH-DNA adduct measurements probably reflect both
current and past exposures (18) -

C. In comparison, foundry workers, whose ambient exposures
were up to GO ng benzo[a]pyrene/M', mean PAH-DNA adduct
concentrations ranged from l-35 adducts/lO" nucleotides, with a
mean'of about 10 (18). The mean adduct levels in this sample
range up to 17.8 adducts/lO" nucleotides, with a mean of about 4.
This implies an exposure of far lesser magnitude than 60 ng
benzo[a]pyrene/M, consistent with environmental sampling data
from the U.S. Army Environmental Hygiene Agency's environmental
characterization of the Kuwait oil well fires.

d-,-The results described here do not reflect any attempt to
control for smoking, diet, or occupational exposures in the
comparisons. Dietary sources of PAHs may be important in many
settings. In specific, supplemental questionnaire data
regarding diet, smoking, and occupational exposures must be
related to these data in order to consider the results final.
This effort is in progress at the time of this writing (NOVEMBER
93) and information gained therefrom will be the basis for
amendments to this report, A continuing discussion among all
contributors to the BSI may shed more light on these findings, as
all parties have ample opportunity to evaluate separately
prepared information.
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P l a n  f o r  t h e  B i o l o g i c  Surveillance  I n i t i a t i v e ,  K u w a i t  O i l
F i r e s  H e a l t h  Frisk  Assessment .

1. P r o j e c t  t i t l e :
:+
-This project will be known as rhe  Biologic  Surveillance Initiative,

Kuwait Oil Fires Health Risk Assessment. 11 will be referred to in this document
as the BSI.

The BSI is properly regarded as medical or epidemiologic survcillancc,
as defined in AR 70-25. DODD 3216.2. and 45 CFR 46, subpan A, Sec. 46.102.

This project is exempt from AR 70-25. as se1 fonh in Appendix F..
paragraphs a. and c. of that regulation.
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David P. Dccter. MD, MPH. Lieutenant Colonel. Medical Corps, US .4rmy.
United Stares Army Environmental Hygiene Agency (USAEHA).

2-b. Associate investigators.
\

David L. Ashley. Ph.D., Supervisory Research Chemist, Division of
Environmental Health Laborarory  Sciences, Center for Environmental Health
and Injury Control, US-.  Centers for Disease Control (CEHIC. CDC).

David K. Gustavison. DO, MF’H,  Captain(P), Medical Corps, US Army.
USAEHA.

Jack Hcller, Ph.D., Health Risk Assessment Branch. Wasrc Disposal
Engineering Division (WDED),  DirectoraLe of Environmental Health
Engineering. USAEHA

Dr. David Jacobson-Kram. Associate Professor of Oncology. Hopkins
Oncology Center, the Johns Hopkins Medical Insrituzions  (JHMI), and
Microbiologicals. incorporated  (MI) ,  Rockvi l le .  MD.

Victor F. Kalasinsky, Ph.D., Environmental Toxicologist, Armed Forces
Institute of Pathology (AFIP)

Richard M. Lachivcr, MD, MPH, Major, Medical Corps. US Army, USAEHA.

Melissa A. McDiarmid.  MD, MPH, Associate Professor, Occupational and
Environmental Medicine. Division of Environmental Health Sciences, The
Johns Hopkins University School of Hygiene and Public Health (JHU)

Bruno Petruccclli, MD. MPH, Major, Medical Corps. US Army, Walter Reed
Army Institute of Research, (WRAIR).

Miriam Poirier. Ph.D.. Research Scientist. National Cancer Institute
(NCI). National Institutes of Health (NIH).
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(NCI). National Institutes of Health (NIH).

Brian G. Scott MD, MPH, Captain(P), Medical Corps, US Army, USAEHA.

3 .  L o c a t i o n  o f  s u r v e i l l a n c e  p r o j e c t :

This surveillance project will be directed by personnel from the :

USAEHA. Aberdeen Proving Ground, MD, 210 1 O-5422.
Questionnaire administration and sample collection will take place in

Germany. and Kuwait City, Kuwait. This will include serving Medical
Treatment Facilities. e-g.. Frankfurt Army .Medical Center, Frankfurt, Germany,
and field unit medical facilities, such as Battalion Aid Stations.

Laboratory analyses will be performed at:

AFIP: Trace metals analyses
CDC Volatile Organic Compounds
JHU: DNA adducts
MI: Sister Chromatid Exchange Frequencies
NCI: DNA adducts
USAEHA: 1 -pyrenol  assay

Data entry and analyses will be performed at the USAEHA. WRAIR. AFIP,
JHU. CDC and the NCI.

4.  T ime required to  complete:

Sample collection and questionnaire administration will begin about 01
June 1991, and continue through December 1991. Laboratory processing and
analyses of specimens will continue through March 1992.

Data entry will begin upon receipt of the first laboratory test results,
and continue through May 1992.
possible as early as March 1992.

PreIiminary  reponing  of  resul ts  may be
Complete reporring  with relevant

inmrpretations is anticipated LO be possible by July or August 1992.
Integration of BSI data with Health Risk Assessment interpretation and

reporting may be accomplished by October or November 1992.
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5.

5-a.

Introduction

Synopsis.

Oil well fires burning in Kuwait since mid-February 1991 have +
introduced tons of combustion products into the environment of the Persian =-
Gulf region. U.S. forces have operated in this polluted region during that tirng-
Although the environmental and human health effects of these fires are
largely unquantified. concerns about the possibility of cancer, respiratory
effects, heavy metal poisoning and increased incidence of infectious disease,
are justified on theoretical grounds.

The US Army Environmental Hygiene Agency (USAEHA) is conducting
Health Risk Assessment (HRA) of the oil well fires’ contaminants in response
fo tasking by the Joint Chiefs. This will quantify long-term risk of adverse
health effects for US troops who have served in the Persian Gulf/Kuwait
Theater of Operations (KTO). HRA’s.  however, employ environmental data, and
extrapolate by modelling to human exposure. Typically, the health effect
information used to calculate risk is taken from existing literature. and is nor
evaluated concurrently. Serious questions may remain unanswered regarding
the medical effects of these contaminants. The scientific community, as well
as the public, may doubt the appropriateness of assumptions that are made
when the HRA process is applied to the oil fires scenario.

To strengthen these assumptions, biologic surveillance of a group of
soldiers deploying from Germany to the Kuwait Theater will be conducted. The
cohort may be exposed to smoke and other products from the oil well fires.
This exposure will be objectively verified and quonrified by environmental
monitoring located at the same site as the soldiers in question. The end result
will be a measurement of ambient contamination that is linked with
measurements of biologic exposure and physiologic effects, all derived within
t h e  s a m e microenvironment.

The goal of the Biologic Surveillance Initiative is, therefore, to measure
objectively any level of intoxication or disccmible  change in health status in
this body of troops which can be associared  with oil well fire pollution.

w
The B.SI  involves only minimal risk to all participants in the

surveillance population (SP). IAW AR 70-25. DODD 3216.2. and 45 CFR 46.
subpart A. Sec. 46.102. The techniques involved are health care surveillance
from MTF logs, questionnaires and diaries. spirometry.urine  collection, and
obtaining blood specimens by venipuncture (maximum of 4%~ per collection).
This will occur no more frequently than every six weeks, and no more than
four times per individual.

5-b. Military and medical reievancy.

‘The significance of the contamination occurring in the Persian Gulf is
not inapparent even to the casual observer. Between 500 and 700 Kuwaiti oil
wells have been set on fire. resulting in a massive amount of air pollution, the
scale of which has not been seeu before. The fires inject thousands of tons of
matter into the air over Kuwait and its neighboring countries every day. To
date only a fraction of these wells have been extinguished. It is estimated that
two to five years will be required to extinguish all of the fires.
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Although the environmental and human health effects of these fires
are  largely unknown, there are theoretical concerns regarding the possibility
of carcinogcnesis. respiratory effects, heavy metal poisoning, increased
incidence of infectious disease, and other health effects. While preliminary
data collected and analyzed by the U.S. Environmental Protection Agency.-
(EPA) indicate that these effects are likely to be minimal and transient, this i+
not known with certainty.

Efforts to model the long-term human health risk has been ongoing.
Use of models to project health effect is at best a contentious endeavor, because
all models depend heavily on assumptions. many of which must be extremely
conservative and overstate risk when empiric data do not exist. Much of any
HRA depends in large part on estimation of effective dose at appropriate target
sites within the human body. Typically, to help define risk, models use
estimates of environmental concentrations along with animal data to define
the probability and quantity of absorption and the ultimate effect at sites of
biological activity. The end product may easily over- or understate risk by
orders of magnitude. The actual health effects resulting from exposure to
toxicants are related to many factors (concentration of toxicant. route of
exposure, duration of exposure, individual susceptibilities and interactions
among toxicants). Thus, it is virtually impossible to model risk without
expressing it in the most conservative terms.

As the preceding paragraphs imply, it is the accurate and precise
measurement of the exposures in question which gives scientific validity to
the product: a calculated quantity of risk to health that is associated with the
contamination. When tie exposures arc multiple, the complexity of the task is
far greater. A literature review has indicated that there may be a wide variety
of roxicants  found within the environmental pollution. Accordingly, the U.S.
Public Health Service has recently issued a health advisory for &w&t and
Saudi Arabia. The statement indicates that the major toxicologic concerns are
carbonized particulates, carbon monoxide, carbon dioxide, sulfur oxides, oxides
of nitrosen, polycyclic aromatic hydrocarbons, sulfuric acid, acrolein,
hydrogen sulfide, ozone, trace metals. numerous other aliphatic and aromatic
hydrocarbons. and other moieties not specifically- noted.

The USAEHA health risk assessment. will derive from a vast quantity of
environmental monitoring now underway. Air and surface soil are being
sampled at ten primary locations in the Kuwait Theater, including Saudi
Arabia. In addition to this ambient monitoring, personal sampling at a
number of locations is also being conducted. The product of this enormous
underraking will be a comprehensive base of exposure data.

However, there are no empiric biologic data of exposure yet being
obtained. Although such data co11ccti011  is not usual in the HRA process. it is
germane to this situation for several  reasons. First, there is a relatively small
body of literature on the human health effects of products of freely combusted
petroleum. Not only are these effects sparsely investigated, but the exact
chemical makeup of oil well fire effluent is not well-determined. Objective
biologic data may refute or substantiate any number of heretofore accepted
constructions of probable outcome. This is especially true because this
surveillance initiative will sample from a human population, in distinction to
the largely animal-based toxicology literature.
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Second, the event in question. the contamination of such a large region
from some 500+ burning oil wells is. perhaps. unique in human history.
Certainly it is the largest-scale event for which the Department of Defense
(DOD) has ever directed that HRA be performed. The modeling which will be
involved in the calculation of exposure from ambient sampling
concentrations, and thence the health risk, will likewise be of a scale not ”
before executed. Thus, any potential errors could also have a great magnitude.
For this reason, it is critical that all modalities which will contribute to the
validity of the work are exercised to whatever extent feasible and available.

Third, the exposure of the soldiers and other persons in the KTO is
ongoing, even as the environmental monitoring is being accomplished. This
is unusual among many of the events and sites where HRA’s  have been done in
the past. Much HRA work is done only predictively or retrospectively
regarding true exposures. The oppor tuni ty  to  simultaneouslv and obiectivelv
evaluate contamination and exposure is thus rare.

Thus the surveillance wili: quantify the potential exposure to numerous
toxins for a specific body of soldiers now in theater. allow better estimates of
exposure for all US forces in Southwest Asia since the fires began to bum, and
contribute to knowledge about the indigenous popuIation’s  exposures.
Accurate measurement of exposure will allow intelligent prediction of future
health effects in those exposed (health risk assessment). This may guide
further long-term surveillance, or a registry of those exposed for health
effect tracking, for US military personnel. DOD-employed or contracted
civilians. or even the population of Southwest Asia.

5-c. Objectives.

There are two objectives of the Biologic Surveillance Initiative (BSI).
First, objective measurement of troops’ exposure to environmental
contaminants, as well as measures of effect such as pulmonary function tests,
are true tests for biologic events. These may be brought about by contact with
oil well fire products- Some of these products may have long-term adverse
health effects. positive fmdinPs in the surveillance uouulation mav allow the
early identification of needs for health care or further su~eillance.

Second, the quantitation of exposure to putative oil well tin products by
measuring markers of exposure or internal dose allows validation of the
health risk assessment (HRA) process in the translation from measured
environmental concentrations of contaminants to modellcd human exposure.
The objective biologic measures of exposure obtained through the BSI will
serve- to corroborate or counter the modelled exposures derived from
environmental concentration measurements alone. This  wi l l  increase  the
validite6f_rhcentirt

A. funher breakdown of these aims is possible. The ability to watch over
the health of troops is a primary concern of the Army Medical Department
This will be accomplished by several means.

1. Use of Medical Treatment Facilities (MTFs)  by the body of soldiers in
question will be tracked and recorded. This provides a picture of any changes
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in health effects during deployment to Kuwait and in the succeeding period.

2. Self-reponed  changes in health staLus  will be measured through
questionnaires. This will afford a greater depth of investigation than allowed
by tracking health care access. but will address many of the same questions.
In addition, this modality allows a measuremenl of subjective events not
otherwise discernible. Questionnaire analysis also b r i n g s  a n  importanr degr&
of validation to the process.

3. Most of the tests LO be performed on blood and urine are both
sensitive and specific, thus allowing concrete description of this population’s
exposure  to a number of potential contaminams. Some of the chemical
substances expected L O  be present in the oil fires’ products have known human
health effects. These include mucosal and dermal irritation, pulmonary
irritation, neurotoxicity, hematopoietic tissue effects, and simple and chemical
asphyxiation. Others have documented effects on animals or positive results
in other tests that indicate that they may be toxic LO humans, including
findings of genotoxicity and carcinogenicity. Although no direct predictions
will be possible for any one soldier’s health, testing may reveal significant
exposure to certain toxins. If this is the cae. future work to safeguard the
health of those exposed will have been facilitated. Such safeguards might
include registry of exposed individuals through either the US Agency for Toxic
Substances Disease Registry, or the Armed Forces tnstitute, of Pathology
Registry of Pathology and Toxicology. Alternatively. further medical
surveillance of groups known to have been exposed in similar fashion couid
be directed. This could take the form of periodic medical tests related LO the
psrticular  r isk  ident i f ied .

The second component aim of the BSI can be subdivided as well. Again,
this is to contribute to the validity of the overall health risk assessment.

1. The blood. urine, and other laboratory test.s conducted will represent
actual exposure to many different chemicals. Some of these tests are precise
enough to allow extrapolation from the test result to what Lhe ambienr
exposure was for the group. This estimated range of exposure concentration
can be directly compared with estimates derived -from the environmental
measurements performed simultaneously with the blood tests. This affords a
rare opportunity for’ checking the validity of both processes.

2. Likewise, the results of these blood -and urine tests provide an
opportunity to validate the modeled exposures derived from environmental
measurements, meteorologic modeling, and information regarding troop
locations and strengths. This will increase the precision of the calculated risk.
Also, the bounds of the assessed risk which are used for planning or any
actions related to the contamination could more closely approach actual risk;
i.e.. increase the uccurocy. The quality and meaningfulness of the overall
HRA should thus be greatly enbanccd.

3
expos&

There is another benefit of objective data reflecting environmental
The environmental monitoring being performed, although

conducted at the state of the art, may not detect every possible contaminant.
Some of the biologic tests which will be performed are very nonspecific. That
is, they represent effects which could occur from any one of many different
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exposures or intoxications. If negative for findings of actual exposure, these
tesls would address contentions that there were exposures 10 substances not
directly quantified by the environmental monitoring.

5-c- 7. P reject design.

The design of the BSI is that of occupational medical surveillance of a ?
fixed cohort of soldiers. This project does not include any follow-back
investigations. nor does it entail long-term follow-up of any members of the
SP.

5-c-2- Type of subject population observed.

The surveillance population is the 2500-3000 soldiers of the 1 lth
Armored Cavalry Regiment deploying 10 Kuwait on or about 10 June 1991.

5-d. Status.

The health effects of the Kuwait oil fires’ contamination has been of
worldwide concern since their ignition. To date, only limited work has been
done to elucidate this area.

The US Environmental Protection Agency has sampled for criteria

pollutants. and found that no significant acute health risk is apparent.
The US Public Health Service has made observarions  in and around the

area of contamination, and issued a health advisory warning that
hypersusceptible persons for example asthmatics, or those with heart disease.
may suffer adverse health effects during peak exposures.

US Navy clinical medical surveillance does not reveal an asso&iation of
exposure with acute health effects to date.

To date, much of the remaining US literature relevant to this
contamination event includes only models and suppositions.

Toxicologic literature exists for many of the several expected
components of the contamination. and will provide- a basis for the overall
health risk assessment process underway at the USAEHA.

In contrast, the BSI wiI1 attempt to detect of acute health effects in a
cohort, as well as provide empiric data to allow long-term health, risk
assessment. This cohort has &he distinguishing characteristic of being
measured ze- and lost-exposure  t o  p o t e n t i a l  tox ins .

5-e. Bibliography.

‘Attached as Appendix A.
,

6.  Plan:

6-a. Akmbef  of subjects
6-b. Age range.
6-c. Sex.
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6-d. inclusion criteria.
6-e. Diagnostic criteria for entry.
6-f. Evaluations before entry.
6-g. Exclusion criteria.
6-h. Source of subjects.

f
The SP numbers approximately 2500-3000 soldiers who may range in a@

from i 8-65. The SP is a healthy population which. is predominantly male. All
these soldiers have undergone pre-deployment health record checks and
immunizations prior to leaving Germany. There are no exclusion criteria,
save that persons who are acutely ill with upper respiratory complaints will
not undergo spirometry. Soldiers of the 1 lth ACR deploying from Germany to
Kuwait with their uni: on or about the 10 JUNE 1991 will all fall under the
umbrella of this surveillance initiative.

6- i .  Sub jec t  identification-

Surveillance population members will be identified internaliy  to the
data collection process by social security number and by name, as well as by
milit&y unit. Each questionnaire. biologic specimen, and test result will be
given a code number for identification. The code keys will be maintainid
separately from data files, and under controlled-access, locked storage.
Pr imary data  ins t ruments  such as  quest ionnaires ,  which may re ta in  inherent
idenrifiable  material, will be maintained in locked storage until five years
after all reporting from this initiative is complete. Such instruments may be
maintained for a longer period, but will still remain under controlled-access
conditions.

All reporting will be exclusive of personal identifiers. All reports.
internal documents. logbooks, rosters, magnetic media. lab results.- diaries.
questionnaires, memoranda and any other instruments which may contain
identifiers or potentially identifiable information regarding members of the
surveillance population will be maintained in locked storage at all times. All
records will be kept for a minimum of five years after the completion of all ES1
work and reporting. At such time as it is elected_ to dispose of any instruments
which may contain identifiable information. destruction will be assured
before disposal. Magnetic media, if any are disposed, will be erased IAW
Department of Defense data encryption standards.

Because of the potential for future work on adverse health effects, a
repository for permanent records of this population will be established at the
direction of the Office of the Surgeon General, US Army, and under the aegis of
the WRAIR and the USAEHA. This will be a controlled-access storage, and will
remain coded, with data separate from identifiers.

6-j. Analysis of risks and benefits to subjects; risks to those
conducting research.
6- k. Precautions to be taken to minimize or eliminate risks to
subjects and those conducting the research.

The benefit to the surveillance population members is twofold, ‘&l has
been described in the objectives section: early identification of previously
unknown or unexpected adverse health effects of oil well fire pollution; and
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improved ability to develop a risk assessment to be used in risk communication
to individuals undergoing this or similar exposure. The risks to the SP
members arc comparable to those encountered in a routine physical
examination including phlebotomy and spiromctry. Other risk may be
presented by use of identifiers in data handling internal to the BSI, but this
will be minimized by the privacy safeguards previously described.

Risks to the investigators include those of handling biologic fluids. s
Universal precautions will be employed. As well, there will be the risks of .
travel, and of movement to an active theater of operations. These will be
minimized by appropriate theater policies and safe operating procedures in
the KTO.

6-l. Corrective action necessary.
6-m. Special medical care or equipment needed for subjects
admitted to the project.

None identified.

7.  Evaluat ions made dur ing and fo l lowing the  pro ject :

7-a. Specimens to be collected.
7-b. Clinical assessments.
7-c. Vital signs.

There are eight methods through which- the health status and exposure
experience of this cohort will be measured. These are:

Medical Treatment Facility (MTF) / Health Care Access tr@4rg  and
surveillance.
Questionnaires.
Pulmonary Function Tests.
Trace metals analysis (periphe&  blood and urine).
1 -Hydroxy  Pyrene assay (urine).
Volatile Organic Corrrpounds  (WC’s) (plasma).
Sister Chromatid  Exchanges (peripheral blood lymph&ytes).
DNA adducts  (peripheral blood lymphocytes).

Each is discussed in depth here.

Measures o f  h e a l t h  e f f e c t

MTF surveillan=.

All the deploying members of the IlACR.  some 3000+ soldiers, will
receive. health care in the KTO through unified facilities. This will be through
the organic medical element of the 11ACR. As well. the supporting backup
facility, the 912th MASH, is co-locared with the 1lACR base camp at the Doha
industriali  complex, called Camp Thunder Rock. This results in a centralized
source for all health care for the entire SP.

A surveillance log will be provided to the MTF supporting the 11 ACR.
This is a daily log of the treatment facility activity with categorized case
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numbers and dispositions by diagnostic group. These will be executed on a
daily basis by the medical personnel of the MTF. Collection of the logs wiIl
follow deployment. The log sheets are attached in Appendix B.

Questionnaires will be administered to as large a body of the 1lACR as s
can be accomplished prior 10 depanure from Germany. This pre-deployment
questionnaire  wi l l  address :

l general demogfaphlc  characteristics
l medical history. including family history, social history, medications  and
allergies, smoking and passive exposure
. reproductive history and pregnancy outcome
l complete occupational history including derzription  of current Job; solvents
and materials handled with frequency and duration

Questionnaires will also be administered to soldiers who undergo other
tesLs  while in Kuwait. These interim questionnaires will contain some repeat
questions for validation, and will otherwise address many of the same health
questions asked on the predeployment qucsrionnaire. Special reference will
be made to events which have occurred since deploying to Kuwait. The
predeployment and interim questionnaires will take about 15 minutes to
complete.

Some soldiers will undergo spirometry for the first time in this
surveillance initiative after deploying
Germany.

to Kuwait or even upon return 10
These individuals will complete a slightly modified questionnaire,

which will obtain the brief medical history elicited in the predeployment
questionnaire. Questionnaires are attached in Appendix B.

Preparation of questionnaires and description and analysis of
questionnaire dara will be accomplished jointly dy USAEHA, D;. Melissa
McDiarmid,  and WRAIR Division of Preventive Medicine.

Pulmonarv  Function Tests.

Spirometry will be performed on approximately 250 individuals in the
SP prior to leaving Germany. The outcome measures specifically to be
recorded will be forced vital capacity (FVC) and forced expirarory  volume at
one second (FEVI >. These measurements will be taken on pneumotach-type
portable spirometers. Spirometry will rake approximately 15 minutes per test.

Spirometry will be performed on the same troops after their return to
Germany. It will also be performed on as many of the same troops as possible
during their time in Kuwait. All who have spiromctry either pre- or during
deployment will be sought for follow-up after return to Germany.

Results of spirometry data will be described and analfled jointly by
USAEHA and WRAIR Division of Preventive Medicine.

Procedures for spirometry are attached as Appendix C.
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D i r e c t  M e a s u r e s  o f  E x p o s u r e .

Trace Metals Anaivsis  (TMAZ.

Peripheral blood and urine will bc collected for TMA from
approximately 250 individuals in the SP. This will be performed prior 10
deployment, on a subset of these 250 twice during the deployment, and again *
after the SP returns to Germany. This analysis will bc performed at the Armed
Forces Institute of Pathology (AFIP). The senior investigator who will oversee
these analyses  is Victor F. Kalasinsky, Ph.D.

Results of this assay will be described  and analyzed jointly by AFIP,
USAEHA arid WRAIR Division of Preventive Medicine.

Description of all blood collections involved in the BSI is attached in
Appendix D. Description of urine collection procedures is attached as
Appendix E. Protocols for the TMA are attached as Appendix F.

1 -Hvdroxv Pvrene (1 HP) Assam.

I-Hydroxy Pyrene  i s  a  ve ry well-documented, availably assayed marker
for exposure 10 polycyclic aromatic hydrocarbons- T h e  correIation  o f  t h i s
marker with environmental exposures approaches unity. The incorporation
of this assay in the BSI affords a sensitive and specific direct look at exposure
to a class of compounds clearly associated with several forms of cancer.

Urine will be collected from the same soldiers who undergo TMA. The
test will be performed at the USAEHA. Results of this assay will be described
and analyzed jointly by USAEHA and WRAIR Division of Preventive -Medicine.

Description of all BSI urine collection procedures is attached as
Appendix E. Description of the 1HP assay is attached as Appendix G.

V o l a t i l e  Qruanic  Comuounds  (VQ0  Assav. -

The pyrolysis of crude oil in a semichaotic milieu is thought to be
largely incomplete and to yield a. plethora of subfractions and compounds.
Many of these are being assayed in the environment by the ongoing LJSAEHA
ambient sampling. The VOC assay will dcLcrmine accurate levels of a select
battery of these compounds in the blood of a small group from the SP.

-‘: Peripheral blood will be collected from 32 soldiers and sent on wet ice to
the Centers for Disease Control Center for Environmental Health and Injury
Control laboratories for VOC assay. The senior researcher at that organization
performing this task is David Ashley. Ph.D. These soldiers will also complete
an additional questionnaire (“VOC questionnaire”) regarding some specifics of
their exposures prior to and during the surveillance time frame. These
samples will be taken on the same schedule as the TMA samples.

Results of this assay will be described and analyzed jointly by the CDC,
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USAEHA and WRAIR Division of Preventive Medicine.

Descriprion  of all blood collections involved in the BSI is attached as
Appendix D. Description of the VOC assay protocol is attached in Appendix H.

I n d i r e c t  M e a s u r e s  o f  E x p o s u r e

All SP members undergoing the following two tests will also complere  a
third questionnaire (“Genotoxics questionnaire*) with questions regarding
exposures to activilies.  foods. and compounds germane to the IWO assays.

SCE’s  are known 10 occur in human lymphocytes at both a background
rate, and at accelerated rates under certain stressrxs. Among these stressors is
exposure to numerous environmental toxins, such as PAH’s. Thus SCE’s are a
nonspecific but very sensitive marker of exposure to numerous contaminants.

Assay of SCE frequencies in lymphocytes of the SP will be performed on
62 individuals. These will be performed predeploymcnt and twice during
deployment. SCE frequencies wiI1 not be assayed after return of the SP to
Germany. This is because  it is well-documented that induced increases in SCE
frequency return to normal after an 18 day period. There is no need in this
surveillance initiative 10 demonstrate that previously well-discussed
phenomenon .

Assay of the SCE frequencies will be performed at Microbiologicals.  INC.
Rockville. MD, under the direction of Dr. David Putman and Dr. David Jacobson-
Kram. Results of this assay will be described and analyzed under the direction
of Dr. Melissa McDiarmid,  Associate Professor. Environmemal Health Sciences,
the Johns Hopkins University School of Hygiene and Public Health. USAEHA
and Dr. McDiarmid will collaborate- on using environmental  dara to imerprct
the SCE assay results.

Description of all blood collections involved in rhe BSI is attached in
Appendix D. Description of the SCE assay protocol and discussion regarding
sample size calculations are attached as Appendix I.

DNA-PAH Adduct assay.

Polycyclic Aromatic Hydrocarbons (PAH’s) are known carcinogens, and
are an expected product of the uncontroIled combustion of crude oil. When
introduced. into the human body, PAH’s  can form covalcnf adducts  with
deoxyribonucleic acid, or DNA
peripheral blood lymphocytes.

These can be measured by sensitive assay in
This test is also extremely specific, since the

antibodies used in the assay are tailored for each specific PAH whose adduct is
m e a s u r e d .  :

Assay of DNA-PAH adducts  in DNA extracted from peripheral blood
lymphocytes will be performed on the same 62 individuals undergoing SCE
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assay. These will be performed predeployment  and twice during deployment.
DNA adducts  will not bc assayed after return of the SP LO Germany.

This assays will bc performed in two steps. First. DNA will be extracted
from the peripheral lymphocytes under the direction of Dr. David Jacobson-
Kram. The second phase will be the assay of adducts  in these DNA extractions,
under the direction of Dr. Miriam Poirier. National Cancer Institute. NIH, :
Bethesda, MD.

Results of this assay will be described and analyzed under the direction
of Dr. Meiissa McDiarmid. Associate Professor, Environmental  Health Sciences,
the Johns Hopkins University School of Hygiene and Public Health, along with
Dr. Jacobson-Kram  and Dr. Poiricr. USAEHA will collaborate through Dr.
McDiannid  regarding use of the environmental data for purposes of
interpreting the DNA-PAH adduct assay results.

Description of all blood collections involved in the BSI is attached in
Appendix D. Description of the DNA adduct assay protocol and discussion
regarding sample size calculations are attached in Appendix J.

Cached Serum.

To provide a set of samples of biologic media which may be retained for
additional assays, scra will be collected from the same soldiers who undergo
TMA, and hard frozen for contingency use. This is essential because of the
poorly-defined overall threat. In addition. the immune system may be an
important target of inhaled or absorbed contaminants. and no work directly
related to infectious disease has been incorporated. This srep will allow a
response to later information thar may indicate such a need. These samples
will be maintained at the WRAIR Division of Preventive Meditiine. These
samples will be taken on the same schedule as the TMA samples.

Description of all blood collections involved in the BSI is attached in
Appendix D.

7-d. Follow up procedures.

No specific longitudinal follow-up procedures are identified at this time.
The DOD Joint Working Group, Kuwait Oil Fires. will coordinate through the US
Public Health Service on any plans for use of this project’s data in future
longitudinal work.

7-e. Disposition of data.

D&a collected through the BSI will be centrally controlled and stored at
the USAEHA, Occupational and Environmental Medicine Division. As
previously stated, all records will be kept for a minimum of five years after the
completion of all repoFcing  from the BSI. Methods for destruction or erasure

F - 7 - 1 4



procedures for data instruments with personal identifiers are described above.

7-f. Methods used for data collection.

Comparisons of subsets of measurements will be uGlized for quality
analysis and control. The kappa statiuic will be constnrcted as a measure of
comparability.

Data Analysis

This will be approached from two perspectives. First. the possibility of
adverse health effects will be explored by analyzing measurements which
directly reflect such effects, such as temporal trends in weekly sick call rates
(MTF usage), emergence of new symptoms as self-reported on quesConnaires,
and changes in pulmonary function parameters (FEV1,FVC).  These will
constitute outcomes. while biologic measurements (TMA’s,  I-HP. SCE’s.  DNAA’s
& VOC’s).  and subjective cxposurc  indicators (diary comments, certain
questionnaire items) will serve as independent variables  and factors.

Second, the biologic measurements will themselves be treated as
outcomes when they are correlated with concurrently obtained
environmental measurements. Depending on the strength of such
correlations, models will then be derived in which the final outcome is a long-
term health effect such as carcinogenesis. This second perspective is that of
the health risk assessment and will not bc discussed in detail here.

Frequency data (e.g. health care access rates) and dichotomous
measures (e.g. reporting vs. not  reparcing  new symptoms,  or  forming vs .  not

. forming DNA adducts) will be analyzed across time and among categorical
variables (e.g. smoking vs. non-smoking) using chi-square tests for trend and
for contingency tables. Fisher’s exact test will be used for 2x2 tables. A
multiple logistic regression model will be applied if needed to control for
confounding.

Standardized PFT results (percent predicted -‘rates  & volumes) and the
quantirative results of TMA’s, IHP. SCE’s,  & VOc’s will be explored for
distribution and then subjected to analyses of variance across time points
(pre-. during, and, if applicable, post-deployment) and in relation to possible
confounding variables such as occupational category and pre-existing
hypcrsuscepribility. Since the distribution of SCE frequency values is
sometimes skewed, a square root transformation may be applied. Non-
parametric (Kruskal-Wallis)  tests will be us4 in addition to ANOVA. regardless
of the normality of data. A repeated mcanrres  logistic regression model will be
used to isolate the degree of change in biologic indicators attributable to
environmental exposures.

8.  Departure  f rom plan for  Indiv idual  pat ients
9. Incidents

Although the BSI does nor entail any treatment modalities. and
therefore no direct untoward effects of the BSI upon individuals can be
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foresceably anticipated. this project may identify early health effects or their
markers. If such adverse health effects is revealed. or their presence
reasonably suggested through work done in this project, appropriate actions
will be taken.

These may include: notiftcation of individuals in whom the presence of
disease or adverse health effect is discovered, notiftcation of the DOD Health
Effects Working Group. Kuwait Oil Fires, for modifications of this plan, if any
are indicated, and notification of command medical elements, if changes in
troop disposition are suggested by information revealed.

1 0 .  M o d i f i c a t i o n  o f  p l a n

Modifications of this plan will be through LTC Deeter, USAEHA. All
changes will also be communicated to the DOD Joint Working Group, Kuwait Oil
Fires.

11. Examples of al l  forms to be used in the plan

See attached appendices.

1 2 .  U s e  o f  i n f o r m a t i o n  a n d  p u b l i c a t i o n s  a r i s i n g  f r o m  t h e
p r o j e c t

The USAEHA. LTC Deeter, will be the controlling agent for data collected
as part of the BSI. All reporting will be through LTC Deeter or the Commander.
USAEH.d;.

All publications arising from this project wilt have approval of the
controlling MACOM. IAW AR 70-25. 70-14. 70-31, and 360-S.

13. Specia l  or  unusual  funding impl icat ions

The USAEHA will oversee the transfer of funds to agencies and concerns
who sustain expenses or require payment related ‘io execution of their
respective parts of the BSI.

The CEHIC. CDC will receive $35,000 by MIPR thru the USAEHA for the
processing of 4 x 32 samples for volatile organic chemical analysis.

The NCI. laboratory of Dr. Poirier. will receive $167.001  sample for DNA
adduct ELISA , or %30,000.00

Microbiologicala.  Inc. will perform the SCE frequency assay for a total
price of $38.300.00 for 3 x 62 samples.

The laboratory of Dr. Jacobson-Kram will receive funds for DNA
extraction for DNA adduct assay.

;Dr. Melissa McDiarmid will receive payment for consultation services.
‘.Training in spirometry  to NIOSH certification level will be purchased

from Chesapeake Occupational Health, Baltimore, MD, at $4.000.00 for 10
persons!

Other requirements of this nature will be approved through the PI. and
coordinated by the Project Officer. Additional requirements will‘ also be
reported to the DOD Health Effects Working Group.
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14. Name and telephone number of the medical monitor,
when applicable:

Not applicable

15. Human Use Committee (HUC) Review:

This plan will be reviewed as directed by the DOD Health Effects Working
Group, Kuwair  Oil Fires. That body will make all determinations regarding the
applicability of regulations concerned with research, such as interpretations
of minimal risk UP AR 70-25 or DODD 3216.2.
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APPENDICES:

Appendix A: Bibliography (for the BSI &II

Appendix B: MTF daily use log sheets 1 and 2. and Qucstionnaircs:
Predeployment. Interim. Genotoxics questionnaire, and
VOC questionnaire

Appendix C:

Appendix D:

Spirometry protocol/SOP

Collection of peripheral blood, lymphocyte
harvesting and sample preparation for all blood
products

Appendix E: Collection  of urine for Trace metals and I-OH
pyrcne assay

Appendix F:

Appendix G:

Trace metals assay protocol

l-OH Pyrene assay protocol

Appendix H: VOC analysis protocol

Appendix 1: SCE assay protocol

Appendix I: DNA adduct assay protocol (two parts)

Appendix K: Proposed agenda (timetable) for testing, results of
tests, data entry. analysis, and -reporting

Appendix L: Areas of Responsibility

Appendix M: Key personnel/PO C’s

Appendix N: Text of briefing given to volunteers
and Informed consent form
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A P P E N D I X  B :  Q u e s t i o n n a i r e s S heel 1 of 7

DAILY MEDICAL SURI’EILLANCE  SUMMARY

Instructions: For each dav, (full 24 hour period) during the deployment,
summarize the diagnostic categories of diseases seen on sick call and logged
into the Medical Surveiliance  Report Form. In addition to the categories,
tally the number of cases of diarrhea1 illness, upper respiratogr iIIness,
urethritis  and malaria. Record also the number of patients in each categoq

placed on quarters (#QTRS), admitted to the hospital (#ADMS),  or
returned to duty (#RTD).  This form wilI be collected daily by a preventive
medicine unit member.

Date: Hours: to
Name of MTF: Total Population Served:

DTAGYO5TTC CATEG0RTU #CASES #RTD #QTRS *ADMS

1. Febrile illness (FEV)
2. Gastrointestinal disease (GI)
3. Respiratory Disease (RES)
-I r)ermatoIogic  Illness  (DER)
5. Genitourinary  Illness  (GU)
6. Ophthalmic Illness/Inj  (EYE)
7. Heat or Cold  Injury (H/C)
S. Orthopedic  Injury (IN?0
9. Surgical  Illness  (SUR)
10 Psychiatric  Illness  VW)
11. Other Medical  Ill,ness (MID)
12. Dental Illness  (DEhy
i3. Miscellaneous visit MS)
14. Follow-up visit (FU)

SDecial Diseases
Diarrhea1 Disease
Upper Respiratoy  Illness (URI)
Urethritis  (sexual transmission)
Malaria

(Reviewer’s Signature)
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APPENDIX B: Q u e s t i o n n a i r e s Sheet 3 of 7
PRE-DEPLOYMENT  HEALTH ‘ASSESSMENT OF US. ARMY PERSONNEL
TM intormarlon  YOU  enler  on fhfs tom will bs used  lo assess Ine preven:rve  hsaI3 fte83s O! soblers

delbyino 10 the  M&db Eas:. and wiii be key:  wniroenha!.  ‘7 azSoamc  w?fn tns Privacy  ti o! 1574.

Lag NAME

/ First NAME

1 SW

1 GFIADE

) UNfT

) SEX: Female

M a l e

) 3WNlC  GflOUP

While, not of Hispanic origin

Shck.  not D! Hiipanic  oripin

Hispanic

Amorizan  InjiarVA!askan  Mtive

Asian

Olher (pleese  spet-ify)

;2)  Have  you liv& in a IaGe city or irtd~sirial
ire.; tor 2 year or bngtef?

Yes Ho

I: yes please nanx the cities below:

AEHA Form 298 - R, 1 Ju’ne 91 (Terno~~l
F-7-26

13) Whal  is your t&OS.?

I 4) What ~2s your
prevbus  t&OS.?

Check here il you have only
worked in one M.O.S.->

15) What kind of work do you presently ao?

16) How many years have you
worked in lhis job?

if) If you have worked in any of the
Alowing  kinds 01 workplace over the las! 5
ears, indixte hDw Ion? you worked there.

No. years

arge farm

dine

>uany

:oundry

‘otter)
=.

Hutton.  f:ax or herig mill

18) How r-ny times in the last 1 D years
lava you been admined  to the hxpi;al?

- -
Yone Once Twice is?

(79) Do you have any permanent
profiles?

- -
Yes No

(20) Do you regu:arty  take any
medicines?

- -
Yes NO

(HSH6 - h’10  -Q
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(33) HOW otten  do you experience hay fever of allergy symptoms?

Never, Every
or less than 7-3
wice a year months

Every
l-3
weeks

Every
1 - 3
days

(34) If you have had a job during the last 5 years where you were exposed to any of the
substances listed b&w. please write down the kind of job and check off how severe the
exposuie  was.

How bad was the emsure?:

Exposure Type of job mild moderate severe

Dusts

Gases or fumes

Smoke

Asbestos

If you have never worked .around  any of these please check here-s

(‘35)  How of-ten  do you suffer each of the symptoms fisted blow?

Nosebleeds

Palpitations

Indigestion
or heartburn

Vomiting
or nausea

Belly cramps
or stomach pain

Never,
or less than
twice  a year

Every
l - 3

. months

Every
1 - 3
weeks

Every
l - 3
days

.

(36) How often do you experience indigestion or heartburn?

Never.
or Less than
twice a year

Every
1-3
months

Every
7-3
weeks

SSN

3

Every
1 - 3
days
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(46) Have you feli  depressed at any time during  the last 6 months?

7
Yes No

(47) Has a douor  ever totd you that you have ‘nasal polyps?

Y e s N o

(48) Which of the foifowing  statements best describes how you feel about  going to Kuwait?
(Choose one)

This will be the experience of a lifetime.

I am not mmplaining. tt’s  pan of being a soldier.

I am a little nervous aboul not knowing what to expect.

I don’t  want to leave my family or friends for that long.

I would rather not go.

(49) Check one or two of the following that most  wncem you about going in Kuwait.

h e a tThe Being in an Arab country

Lack of logistical support The military threat

Oust storms and sandstorms Unexploded ordnance

Air pollution from the oil fires None of these things worries me

(50) If you have any hearth  probiems  or special concerns that were not addressed in this*
questionnaire, please comment below.

--

I have been briefed on the nature and purse  of the Kuwait deployment  mediil surveillance
program and I have answered all of the questions in thii form to the tsst of my kmwledge.

SSN
S@nature Date

5
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0 QUESTIONNAIRE  TO ASSIST
INTERPRETATION OF BLOOD TESTS

FOR AIR POLLUTION EXPOSURE
The  information  you  enter on this form will be used IO assess the preventive heakh  needs of soldiers depioying to the

Middle East.  and will be kept confidenlial.  in arrordance  wilh the Privacy Acl of 1974.

Name 1 rank SSN

(1:) HOW many diagnostic X-rays (like a chest X-ray or a dental X-ray) have you received since

in Kuwait?
arriving

If none check here -

(2) Please list all medications you are now taking an&or have taken since arriving in Kuwait.

(Include vitamins, aspirin, TyleM, Motrin and oral contraceptives. )

Why :akin;

How often do you now take it? (Check space):

No 1 - 2 l - 2 1 or more
ionger rimes I times I times I
taking month week w

ed!

--

--

Please answer  +3
i: you have
smoked cigarettes
since arriving in
Ku wait.

Please answer #4
if you have
smoked a cigar or pipe
since arriving in
Kuwait.

(3) 2. Average no. smoked I day. per da)
(10 = 112 pack _. 20 = 1 pack)

b. Are you currently smoking cigarettes? ves I no-I

C. If stopped, how long ago?

(4) a. Average no. of times  a day that
you smoked a cigar or pipe. - Per day

b. Are you currently smoking
a dgaf  or pipe? yes I no

C. If stopped, how long ago?

F= 7-2 g



Appendix B: Questionnaires
Supplemental Questionnaire
Volatile  ~:hemic?i EYDoCu

Page 7 of 7

in rhe tar 3 days, (roday,  yester&y or the day before yeszerdq),  have you eirher heartted
or had on your sh any of the foilowing-

Yes No D&f K n o w
1. Diesel  fuel or kerosene 1.....................................................-....0 cl
2. Gasoline .._....L*.**_*...f...**_...*.*...*...*.....*...~.*......*.~.......**. .* ..-.. . . . . . 0 0
3. paint Thinner, brush cleaner..- . .._._*.__.*.....*..............**.~..~~...*~.** 0 0
4. Varnish,  lacquer,  wood  S-&I, or wer paint...-....-.....--..--...-....0 0
5. Bug or insex spray. ..ff.*__.**l_.f._..._-tt-.~....~.....~~-l*.~~..*.~***.*..*..****~0 0
6. We& mer ..__..._...__._...._-...--.......-....--...-.....  . -.._..-._...-.........---..  0 0
7. Solid  tokr bowl cleaners  . . . . . .._.......f~_._...1.t-~~..t~~~t...~~......~.~~.~~~-  0 0
8. ~2 freshner  or rwm deodorizer . .._.... .**....*..*..**..~..*....**......*..* 0 0
9. Mob balls or flakes . .._...f__..1......_-...-...-............-.....-........-...-... 0 0
10. F~g-e~aiJ polish or nail. polish remover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 0
11. Dry ckming  fluid  .__.  W ._...___...__...___...........~................-...-.....-..  3 0 3

12 Have you cleaned your weapon wirh aq~ cleaners or M,V other chnicah within the last
three  days?
Yes 0 30 0 Don’t Know CI

? Y. Have vou worked with, handled, or cut pressure nemed  wood within the lasr three
*,$.:J 17
Yes 0 Yo 0 Don’t Know a

14. PIecue list any chemicaLs that you rouineiy  work wirh in your haml;‘ob:

15. Piease list any chemicals tkr you come inw contact  with a.~ a resuir of any hobbies or
oT*-duq aczivin‘esr

F - 2 - 3 0
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APPENDIX C

Standard Operating Procedure: Spirometry

Biologic  Surveillance  Initiative,  Health Risk A s s e s s m e n t ,
Kuwai t  Oi l  F i res

This SOP is taken from guidance in TB Med 509.

ADDlicabilitv

This SOP will apply to all spirometry performed as part of the
BSI.

Calibration

The evaluation of spirometer calibration is an equipment check
which is essential prior to performing spirometry tests. Instrument
inaccuracy is a source of error which is unacceptable, and it is easily
Jcrecred  and corrected. The potential for introducing spiromerer
error must be precluded by instituting the following series of
equipment checks and procedures:

a. Test the spirometers for accuracy daily or every 50 patients,
whichever is more frequent. This is done by injecting 3.0 liters of
room air from a calibrated syringe into the spirometer.  To be.
accurate, the volume displayed on the spirometry tracing must equal
the stated syringe volume 13 percent of the syringe volume (i.e., the
recorded volume must fall in the range of 2.91 to 3.09 liters for a 3-
liter calibrated volume). If a microprocessor is used with the
spirometer, the same daily calibration requirements apply.

b. Record the results of each equipment check in a log.
c. Ensure that any inaccuracies identified during equipment

checks are corrected prior to further use of the spirometer in patient
testing.

Pa t ien t  Dreaaration

Prior to beginning the spirometry examination, the spiromeq
technician will explain the purpose of the test, identify potential
indications for postponing spirometry, and properly position the
patient for the forced expiratory maneuver.

a. The procedure will be explained to the patient in simple

F-7 -31



APPENDIX C -- Page 2 of 3

terms. The brief statement “I want to test how hard and fast you can
breathe” may not be physiologically precise, but is usually the only
explanation necessary.

b. Because the proper performance of spirometry is an effort-
dependent  phenomenon, testing will not be performed if the
individual is acutely ill with upper respiratory tract complaints other
than uncomplicated upper respiratory tract infections (colds)
unaccompanied by profound systemic complaints. Ci garertes or
aerosolized bronchodilators may transiently alter airway resistance.
particularly in the smaller bronchi or bronchioles. Spiromerry will
be postponed if the patient has used either of these in the past 2 to 3
hours. A recent heavy meal is also regarded as reason to postpone
spirometry for approximately 1 hour. Any deviations from this
acceptEd standard of patient preparation will be indicated on the
spiromerry tracing.

c. The patient will be instructed to loosen tight clothing and to
remove any dentures. The dentures may be left in place if, in the
opinion of the spirometry  technician, their presence  will help the
.patient maintain a better seal around the mouthpiece. The individual
mav sit or stand, whichever is more comfortable and convenient.
Most test subjects are comfortable sitting and, under normal
circumstances, there is little difference in pulmonary function values
obtained in either position. (The sole exception is in the case of a
grossly obese individual where seated test results may be lower. )
The chin should be elevated and the neck slightly extended, While
the use of a noseclip is not explicitly required, it is highly
recommended.

T e s t  adminisrration --

a. Having been properly prepared to take the test, the patient
is instructed on how to perform the forced expirarory maneuver. The
spiromerry technician will ask the patient to take the deepest
possible inspiration during a normal breathing pattern, close the
mouth firmly around the outside of the mouthpiece, and without
further hesitation, blow into the spirometer as hard, fast, and
completely as possible. Before asking the individual to blow, the
spiromew technician activates the recording function of the
equipment in use and verifies its proper function. This should b=
done at least 1 second before the subject blows into the mouthpiece.
While the patient is blowing, the technician must actively coach the
subject until a smooth plateau occurs in the aacing. The forced
expiratory maneuver  may then be terminated.
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b. This particular method of e1icitin.g  the forced expirator}
maneuver is referred to as the open circuit mdznique. Most patients
master this technique with minimal explanation and practice,
consistently performing reproducible forced expiratory  efforts. An
occasional individual may have difficulties. Examples are failure to
maintain an airtight seal around the mouthpiece, pursing of the lips
as with a musical instrument, or obstruction of the mouthpiece with
the tongue. These problems will be avoided by routinely
demonstrating proper mouthpiece positioning to each parient. Make
sure that the patient’s chin remains elevated and neck slight11
extended during the forced expiratory maneuver.

c. A valid spirometry examination must consist of three
acceptable tracings in which the largest two vital capacities do not
differ by more than 5 percent or 100 ml, whichever is greater. An
acceptable tracing is one that is free of coughing, hesitant or false
starts, inconsistent or variable effort, early termination of expiration,
excessive variability, and baseline artifact. Tracings marred by
coughing, hesitant starts, and inconsistent effort are illustrated in
accompanying figures. The criteria for a valid spirometry
examination are summarized in the accompanying cable. Almost all
stibjects,. when properly instructed and actively coached, can produce
three acceptable tracings within five expiratory ‘ efforts. The
spirometry technician should not elicit more than six expirarory
maneuvers during one examination, since the patient’s performance
will not likely improve beyond this point.

Chances

Changes to this SOP will be through CPT Scott, action officer, or
LTC Deerer, principal investigator.
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APPEKDIX C  - -  F i g u r e s  i n  s u p p o r t qfsEprt. SOURCE:
I

Tabie ~>l
Ctitcria  iar 2 Aid spirornetry  csamination_ _..
-i-z t.v.2 zccepr;;ijic  forcri ex?:rztov  maneuvers  free

Coughing

Hesilent or false  starts.

Inconsistent or variable effort.

________f_.f._______..l____f.._____*..._
___....____~..__..

Active coachins  is essegrial  throughour the
duration of the paiient’s effort.

End-of-test OCCUE when a plateau is noTed in
t‘ne tracing.  with less t’han 23 mL volumeZarly ter;nina;ion of expira;ion.

Excessive variablllt?

change in 0.5 seconds

The two best FT’C readings should not var>
by more than 5 percent or 100 mL, whichever
is greater.

Easeiine  artifact.
The recording pen mnsi begin tracing tSe
subject’s effort a; The zero volume  Ike.
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APPENDIX D: S3lood  C o l l e c t i o n and Fractionation Page 1 or 4
plan f o r  t h e  B i o l o g i c  Survdllance  Inltlatlva,  Kuwait  011 F i r e s  H e a l t h  Rls!:
Assessmsnt.

DEPARTNENT  OF THE ARKY
U-S, ARMY ENVIRONMMTAL  HYGIENE AGENCY

EDGEWWD AREA

ABERDEEN PROVING GROUND, KARYLAND 21010

HSHB-HO-R 2 9  JULY,1991

STANDARD OPERATING PROCEDURE
FOR

COLLECTION OF PERIPHErW BLOOD FOR BIOLOGIC SURVEILLANCE TEAK, KUWAIT OIL FI’R2.S

1. PURPOSE: To establish guideline6 for the proper procedure6 to follow when
drawing blood on individuals being monitored for expoeure to the Kuwait oil
fires.

2, SCOPE : This SOP applies to all military and civilian personnel who are

exposed to smokes from the Kuwait oil fires and are under surveillance for

said exposure.

3 . REFERENCE:
a. AR 40-5, Preventive Medicine
b. FM 8-230 Medical Specialist
C. TB ME0 503 The Industrial Hygiene Progr&

d. FM 8-273-l Nursing Skills For Allied Health Services

4. RESPONSIBILITIES: This program i6 designed to enable the Surveillance

Team staff to:
a. Perform medical surveillance for exposure to Kuwait oil fire smoke.
b . Properly label all samples and questionnaires for surveillance.
C. Draw all samples using proper sterile technique. -
d. Handle and store all samples in a manner that is conducive with

further testing and minimizes any deterioration of each sample.

5. GENERAL  :
a . All vacutainers should be labelled pr',or to the drawing of any

peripheral blood sample. This minimizes any labelling error6 that may occur
and decreases handling of labels by the phlebotomist.

b. Before drawing any specimens, the phlebotomist will check a11 numbers
of vacutainers and those present on the individual6 questionnaire to ensure
that mislabelling  has not occurred.

c, Phlebotomist shall weat proper eye protection and gloves,

d. Individual should be seated and antecubital  foasa should be exposed cm
patient6 arm. After examining the patient6 arm for available access sites,
the area should be cleaned with 70% isopropyl alcohol-

e. All vacutainers and vacutainer blood drawing sets (butterfly) should

be readily available before venipunrture  is performed.

f. A tourniquet should be applied proximal to the venipuncture site, then
venipuncture should be performed and sample6 collected, then tourniquet

,
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APPENDIX D: Blood Col lect ion a n d  Fract ionat ion Page  2 of 4
P l a n  f o r  t h e  Blologlc Surveillance Inltlatlve,  K u w a l t  011  Firer H e a l t h  R l s k
Aasessmsnt.
removed, bandage applied.

g- Immediately after samples are collected, each vicutainer should be

properly mixed to ensure that clotting- doe6 not occur.

h. All samples should be placed together into a plastic bag to aid in

further processing. These should then be placed in a cool environment

(refrigerator or cooler with wet ice).

1. samples should be kept on wet ice or refrigerated until further

processing oecur6. Any further processing and freezing should be accomplish&

aa 6oon a6 possible-

.
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APPENDIX D: Blood Collection and Fractionation Page 3 of 4
Plan f o r  t h e  Blologlc Surveillance  Inltlatlve,  K u w a l t  Oil Fires H e a l t h  R l s k
A s s e s s m e n t .

DEPARTPENT  OF TBE ARMY
U.S. ARMY ENVIRONMENTAL HYGIENE AGENCY

EDGEWOOD AREA

ABERDEEN PROVING GROUND, MARYLAND 21010

HSHB-HO-R 29 JULY,1991

STANDARD OPERATING PROCEDURE
FOR

COLLECTION OF BUFEY  COAT (BLOOD FRACTIONATION PROTOCOL) FOR BIOLOGIC SURVEILLANCE
TEAM, KUWAIT OIL FIRES

1. PURPOSE: To establish guidelines for the proper procedure6 to follow when

fractionating blood from individuals being monitored for

Kuwait oil fires.

2. SCOPE: This SOP applies to all military and civilian

exposed to smokes from the Kuwait oil fires and are under

said exposure.

exposure to the

personnel who are
surveillance for

3. REFERENCE:
a. AR 40-5, Preventive Medicine
b. FH B-230 Medical Specialist
C. TB HED 503 The Industrial Hygiene Program
a. FM 8-273-l Nursing Skills For Allied Hezrlth Services
e. Blood Fractionation Protocol from Johns Hopkins University

4. ~SPONSIBILITIES: This program is designed to enable the Surveillance
Team staff to:

a, Perform medical surveillance for expsure to Kuwait oil fire smoke.
b. Properly label all samples and questionnaires  for surveillance.
C. Draw all samples using proper sterile technique.
d. Handle and store all samples in a manner that is conducive with

further testing and minimizes any deterioration of each sample.

5. GENERAL: I

a. Draw 40-45 mls of blood in three 15ml vacutainer tubes containing
heparin(green tops)- Invert tubes occasionally until processing is
accomplished.

b. Combine all three 15ml tubes into one 5Oml centrifuge tube (Corning
$25330).

C.. Centrifuge at lOOOg (2OOOrpm in counter top IEC clinical centrifuge)
for 30 minutes using swing out buckets.

a: Blood should seperate out into three layers; 1. serum/plasma, 2. Buffy
coat 3.:Packed BBCs.

e. Remove serum/plasma (top) layer to within a few mls of buffy coat at

interface of plasma and red blood cells (RBCS), but do not disturb buffy coat.
Save 13 mls of plasma/serum in 15 ml polypropylene screw top centrifuge tube
(Corning #25319).
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APPENDIX D: Blood Collection and Fractionation Page 4 of 4
plan for the Blologlc  Surveillance Inltiatlve, K u w a l t  011 F i r e s  H e a l t h  Risk
Assessment.

f . Remove packed RBCs by carefully inserting a 14 gauge 4 inch pipetting
needle (on 30ml syringe) through the edge of the buffy coat to the bottom of
the tube- Slowly withdraw most of the RBCt, leaving 8 ml of blood in tube.
This remaining 8 ml will contain the buffy coat, plasma and about 5mls of
RBCs. Save 13mls of withdrawn l?BCs in a 15ml screwtop polypropylene
centrifuge tube (as above). Do no overfill tubes a6 they may burst with
freezing.

g* You now should have two 15 ml tubeas ( eera and RBCs) and one 50 ml
tube (buffy coat) for each individual. Store frozen (-70C or dry ice, if not
available -2Oc will do).

.
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APPENDIX  E : Urine Collection and Specimen Preparation Pane 1 of 2
Plsn f o r  t h e  Blologlc  Suwelllance  Inltlstlvc,  Kuwslt  011  Fires H e a l t h  R l s k
Assessmanl.

U.S. &.RW ENVIR0NKF.K~~  HYG:,t:E AGEKCI.
EDGEWOOD AREA

ABERDEEN PROVING GROUKD, &%RyLAKD 2lC10

HSHB-HO-R

STAXDABD OPERhTING PROCEDURE
FOR

COLLECTION OF URINE FOR BIOLOGIC SURVEILLMqCE TEAK, IXJWAIT OJI, FIR.F.5

1. PURPOSE: To establish guidelines for the proper procedures fo folloK h-her.

collecting urine from individuals being monitored for exposure to the Y,~wL~=

oil fires,

2. SCOPE: This SOP applies to all military and civilian personnel who are

exposed to smokes from the Kuwait oil fires and are under surveillance  for
said exposure.

J. REFERZKCE:
a. AR 40-s. Preventive Medicine
b. FM 6-230 Medical Specialist
C. TB KED 503 The Industrial Hygiene Program
d. FE 6-273-I Nursing Skills FOZ Allied I-lealth Services

, 3'~*0NSIBILXTiES:_--- T‘nis program is desianed to enable the Surveillance
Team s=afZ to:

a. Perform medical surveillance for exposure to Kuwait oil fire smoke.
b . Properly label all samples and questionnaires for surveillance.

C. Okain all samples using proper sterile  technique.
a. Handle end store all samples in = manner rhat is conducive with

furkher testing  and minimizes  my deterioratbn  of each sampl&.

5. GENE&L  :
c. hll sqeeimen conreiners should be l&belled prior to the coilec-,icr.  cf

hq urine  smrie.. This minimizes any labelling errors that may orcur and
decreases  handling of labels by the micturitikn technician.

b. Before obtaining any specimens, the mictcrition technician will check
aI1 numbers of specimen containers and those present 03 the 31dividuais
ques:ionnaire zo ensure Chat misltielling  has not occurred.

c. The micrurition  technician shzll wear proper hand protection (gloves).

a. Individuals should be informed on proper technique to be used in order
to obtain a contaminant free specimen (midstream clean ca'lch specimen)- k.11
individuals should be told of the importance of returning specimens as soon 2s
possible with lids securely attached. Once this is accomplished, FnCividu&ls
should be directed to the nearest latrine or free standing facility-

e. Specimens should be Placed in a cool environment (refriperstor  or
cooler with wet ice) as soon as they are returned by the individual-

f . Sampler should be kept on wet ice or refrigexted until further
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APPENDfX E : U r i n e  C o l l e c t i o n  a n d  S p e c i m e n  P r e p a r a t i o n  P a g e  2 o f  2
Plan f o r  t h e  Blologlc  Surveillance  Inltlatlve, Kuwait 011 F l r e s  H e a l t h  R l s k
A s s e s s m e n t .
processing occurs. Any further processing and freezing should be accomplished
a s  s o o n  aa paesible.
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c

PROTOCOL FOR MEASUREMENT OF VOLATILE ORGANIC COMPOUNDS
IN .qUMAN BLOOD USING PURGESTRAP GAS CHROMATOGRAPHY

MASS SPECTROMETRY

Toxicology Branch
Division of Environmental Health Laboratory Sciences

Center fot Environmental Health and Injury Control
Centers for Disease Control

Public Health Service
U.S. Department of Health and Human Services

introduction

This protocol describes methods developed and used at the Centers for Disease Control
for the measurement of volatile  organic compounds (VOCs) in human blood. This is a purge and
trap (direct sparging  arith  helium) gas chromatographic method using high resolution mas
specsrome&  detection in the full scan mode. The method is applicable to the determination of
the 35 following compoun&  in 10 mL blood af approximately the detection limits given.

halyre Detection Limit (ppb)

1.1,l -Trichloroethane 0.04
. 1,1,2,2-Teuachloroe*bane 0.01

1,1.2-Trichloroethane 0.02
1.1 -Dichloroethane 0.01
1,l -Dichloroethene 0.02
1 ,ZDichlorobenzene 0 .03
1.2-Dichloroethane 0.01
1+2-Dichloropropane 0.01
1.3-Dichlorobenzene G-04

. 1 +Dichlorobenzene 0.03
2-Buzznone 0.3
Acetone 200
Benzene 0.03
Bromodichioromethane 0.01
Bromofoxm 0.02
Carbon Disul5de 2
Carbon Tezrachloride 0.02
Chlorobcnzene 0.01
ChlorofoIm 0.02
cis- 1,2-Dichloroethene 0.01
Dibromochloromethane 0.02
Dibromomethane 0.02
Ethylbenzene 0.02
Hexachloroethane 0.1
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: APPENDIX  H : Volatile organics  i n  S e r u m  Assay  P r o t o c o l

Hexane
m-/p-xylene
Methylene  chloride
o-Xylene
S tyrene
Tetrachloroethene
Toluene
frans-  1,2-Dichloroethene
Trichloroethene

2
0.02
0.05
0.03
0.01
0.02
0.1 i
0.02 .

0.005

Quantitation  is achieved by isorope dilution in all cases by reference lo commercially
available labelled  isotopes.

Summary

VOCs in whole blood are determined by heated purge and trap gas chromatography rnaSs
specuoscopy  (GCLMS).  Stable isotopically labelled  analogs of the compounds of interest ;LTe
added to 10 mL blood and this entire sample is injected into a specially designed sparging  vessel
which is already attached to the purging  apparatus via air-tight seals. Prepurified  helium gas is
bubbled through the blood which is heated to approximately 35-C.  This process removes volatiie
compounds from  the sample inro she gas stream. The purged volatile compollnds  pass into and
are capwed by a Tenax  rap. Once the 15 minute purge cycle is complete, the Tenax  rrap is
Fzged witi w helium gas for 6 minutes to remove absorbed water. The cap is then heated to
180°C for 4 minutes to desorb all volatile compound&.  As the compounds are desorbed,  they are

+apped  at the gas &omato-wh  injection port by a liquid niuogen trap at -150°C. Following
is period, the site is ballistically  heated to 2WC injecting the compounds onto the DB-624

capillary column which is intexfaced  to the mass spectrometer. Th: mass spemometer is
operated in the full scan mode  (40 - 200 amu) witb  one scan collected per second. Quantitation
is accomplished from speck ion responses relative to those of the corresponding labelled
analogs. The responses of analFes  and analogs are corrected for contributions &om each other
though the use of an isotope dilution calculation. Final determinations are made based on sti.-
point  calibration curves and the concentrations are norznalized accorckg  to sample weight.

Interferences

Compounds with similar chromatographic  propeties and characteristic mass spectral ions
as the compounds of interest may interfere with the analysis. Care must be exercized  in
determining possible sources of these interferences and in some cases alternate ions should be
selected to eliminate these. The use of high sesolution  mass spemometty  has proven to be of
immense aid in this respect and has been shown to be absolutely necessary in certain cases.

2

Interferences which have their source in the measurement apparatus itself should be
examined by dctcxmktion  of lnsmun cm blanks. For this purpose, a pure water sample remains
attached to the meastig  apparatus and is examined regularly to check for operaxional  levels of
instmmcnt blanks. By leaving this sample attached to the measurement aFarants,  exposure to
airborne contaminants is eliminated and the level of volatiks in the sample are reduced to a
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nondetectable level.

Glassware used for standards must bc examined for sources of contamination. m
glassware is heated in a vacuum oven at 150°C for at least 8 hours to remove adsorbed volatiles.
The vacuum oven used contains an independent vacuum source since cross-contamination  from
other laboratory operations has been determined to be a major source of contamination of
laboratory glassware. This glassware is cooled to room temperature  before removal from the
oven and sealed to diminish exposure to volatile compounds which are present in laborator ti.

The water used for dilution of standards and as water blanks is an extremely critical
potential source of contamination. Numerous sources  of wafer were examked IO determine the
most volatile-free water available. No commercial Wtering  or purification system was found
which could consistently yield water at acceprable  levels ( -z 20 ppt for most  andyres).  &--
acceptable source of water was discovered at a non-commercial site and all funher  studies m&e
use of this source. Under some circumst~~~ces  this source of water fails to yield acceptable levels
of volatile organic compounds. k~ this case. the water is further purified ro yield blank water
with acceptable levels of VOWS. To prevent further contamination from the laboratory air, water
samples are sealed in glass ampules. To provide consistency in measurement, aU water samples
used for a Tecific calibration curve have the same ori$r~ and are sealed at the same tjn~e.  In
all cases typical blank  water levels are below the detection limits given above.

-
Since all commercially available vacuttiers  contain measureable  levels of VOCs, the lots

. ..‘t.... Lo collect blood samples must be examined to determine  levels of contamination present.
This is accompl.i+hed  by adding well charact&& blank water to the vacutainers, allowing  a
reasonable exposure time to both the n&e and the stopper and then charaaerizing these
specirncrd for concenmtion  of VOCs. In spite of these efforts, some compouncis  still  have
substantial contamination levels when compared to background levels of thesp, compounds in
blood. III paxticular,  mcthylcne chloride, dibromomethanc,  and carbon &sulfide have large levels
of interfering contamination in unueated  vacutainers. Other ardyces,  including bromofonn,
chloroform, hexane,  etc., also show contamination from vacutainers to a varyirq extent. F&tr
efforts have been  made fo remove contamina tion kom tie vacutainers. Tnis invoives
disassembly, heatig in a vacuum oven, reassembly, restoration of vacuum, and ae*Gon.
This process removes a substantial diction  of interferjng  analytes.  Au samples are now t&en
using these processed vacutainers.

Contamination- by carryover must be examined over the entire range of analytt
concentrations expected The current  purge and trap apparams  did not show any appreciable
carryover for the analytes  being measured over the standard concentration range present&  here.

Safety

Many of the compounds used in this study arc considered to be toxic or carcinogmic
hazards. They should be aeated as a potential health hazard in alI cases. Always  work under

3
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a chemical fume hood when tra.nsfernin_r  these materials. Use a nigh draft fumehood  and iower
all the sashes because a number of these compounds are strong lachrymators  and cause severe
eye irritation at low concentrations. Wear approptiate $oves Lxrh=n handling  thtsz chemicals
because all of them are readily absorbed through the skin.

Andyte  concentrations j, blood samples are at trace levels z7d there<ore  due not pose a
substaxial  chemical hazard to personnel. Even though  there is a minimal chemical hzzzrd  due
to these samples, the microbiolo&al hazard associated with whole blood samples necessitates
the treatment  of all blood samples as potential health hazards. Biosafery  level 2 procedures should
be followed  when handling blood samples. These procedures include hanctiin~  blood samnies
with protective $oves within a biological safe? cabinet. titer the sxnpie has been anai~-zec jt
should be decontaminated with a chemical disinfectant and disposed as chcmjcJ waste. .a1
@.sware,  etc. that contacts the blood samples should be treated ;I$ contaminated and autoclaved -
before disposal.

Standard Preparation

Positive displacement pipets  are used for all transfer of liquids in the UL range. Transfers in
the 5-30 UL range use a piper with 0.1 UL increments. Transfers in the 31-100 UL ran,ne use a
piper with  0.2 uL inxements. Transfers in the 101-250 uL ranse use a piper with 1 UL
increments _ 25 mL class A sealable volumetric fksks are used to make all standards. Wei_chts
of nzzi  compounds are determined on an analytical  baiance  to tie nearest 0.i m_c.

Standards qe prepared xvith the following final concentrations (ppb):

1,l.l -Trichloro&kane 0.05 0.1
1~ 1,2,2-Teaachloroethane 0.005 0.01
1,l ,ZTrichloroxhane 0.007 0.014
1.1 -Dichloroethane 0.005 0.01
1 _l-Dichioroetkne 0.01 0.E
I .2-Dichlorobentene 0.005 0.01
1.2-Dichloroethane 0.004 0.009
1,2-Dichloropropane 0.005 0.01
1 .?-Dichlorobenzene 0.004 0.0@9
1,4-Dichlorobzxene 0.04 0.0s
2-B utanone 0.06 0.12
Acetone 200 400
3 enzene 0.01 0.02
33romodichloromethane 0.005 0.01
Bromoforrn 0.02 0.04
Carbon Disulftde 2.4 4.8
Carbon Tcuachloxide 0.004 0.009

4
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0.5 1 -_ 17
0.03 0.1 0.5
0.07 0.14 0.7
0.05 0.1 0.5
0.1 0.2 1
0.05 0.1 0.5
0.04 0.09 0.4
0.05 0.1 0.5
0.04 0.09 0.4
0.41 0.s 4
1.2 2.5 12
900 1800 3800
0.1 O-2 1.2
0.05 0.1 0.5
Q.20 0.4 7

20 40 i0
0.04 0.09 0.4

10
1
:.4
I
7i
1
0.9
1
0.9
S
25
6000
2
1
4
120
0.9
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Chlorobenzent 0.004 0.009
Chloroform 0.009 0.018
c&l ,2-Dichloroethene 0.009 0.01s
Dibromochloromethane 0.004 0.009
Dibromomethane 0.02 0.04
Ethylbenzene 0.01 0.02
Hexachloroethane 0.006 0.012.
Hexane 4 s
m-Xylene 0.01 0.02
Methylene  chloride 0.02 0.04
o-Xylene 0.025 0.05
p-Xylene 0.01 0.02
Styrene 0.008 0.017
Teaachloroethene 0.02 0.04
Toluene 0.01 0.02
uans-  1,2-Dichloroethene 0.01 0.02
Trichloroethene 0.004 0.009

0.04 0.09 0.4
0.09 0.18 0.9
0.09 0.18 0.9
0.04 0.09 0.4
0.2 0.4 2
0.1 0.2 1
0.06 0.12 0.6
32 @I 130
0.20 0.41 2.1
0.42 O-S3 4.2
0.25 0.5 2.5
0.20 0.41 2.1
0 . 0 s 0.17 OX
0.2 0.4 2
0.2 0.4 2
0.1 0.2 1
0.04 0.09 0.4

0.9
1.8
1.8
0.9
4
r)

1.2 J
190
4.1
8.3
5
4.1
1.7
4
4
2
0.9

Native analyte  standards are made by succesive  dilution in methanol from the neat
compounds. Because of variation in the volatility of these compounds, the use of concentrated
stock solutions for long term storage is unacceptable. The intermediate stock solutions are
prepared fresh kom he neat compounds eveF three months. These solutions are scaled in glass

! i,+.Ies and placed in a -60°C freezer  unril  used. This has proven to be a successful method of
preserving standard jntegriy. On the day of use, the standard is prepared by dilution of the
appropriate volume of these intermediate stock solutions into 25 mL of ‘contaminant-free water.

Labelled analog solutions q prepared to achieve the foIlowing  approximate  Gnal
concenuations (ppb): -

1,1,1 -Trichloroethane-D, 1
! ,1 .2.2-Teuachloroethane-D2 I 0.1
1,1,2-Trichloroethane-D, 0.1
1,l -Dichloroethane-D, 0.1
1,l -Dichloroethene-D, 0.2
1 ,2-Dichlorobenzene-D, 0.3
1,2-Dichloroethane-D. 0.2
1.2-Dichloroethene-D, (mix) 0.2
1.2-Dichlaropropane-D, 0.2
1,4-Dichlorobenzene-D, 2
2-Butanone-D, a
Acetone-“C, 25
Benzene-n& 0.2
Bromodichloromethane-‘3C 0.1
Bromofonn-r3C 0.5
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s: .j‘rl

Carbon distide-“C
Carbon teuachloride-‘3C
Chlorobenzene-D,
Chloroform-‘3C
Dibromochlorome&nc-‘3C
Dibromomethane-13C
Ethylbenzene-D ,0
Hexachloroethane- I -‘%Z
Hexane-D,,
Methylene chloride-“C
o-Xylene-‘Y,
p-Xylene-D,,
Styrene-D,
Tetrach.loroethene-‘3C
Toluene-D,
Trichloroethene-“C

5
0.1
0.2
0.1
0.1
0.1
0.4
0.5
4

0.5
0.2
0.7
0.2
0.1
0.2
0.05

Labelled  analog solutions are made by succesive dilution in methanol thorn the neat
compounds. Conczznuated  srock  solutions are stored in sealed ampules at -60°C. Because of the
major expense in acquiring these label analogs furthtr  dilutions are made Tom th=se  concenzated
stock solutions. Intermediate stock solutions of these analogs  zre prepared fresh every three
months. These solutions 21’, sealed in glass ampules and stored at -50°C until used. On the day
or us:, the analog solution is prepared by dilution of the appropriate volume of intermediate stock

.solution  into 25 6 of methanol. 20 uL of th& analog solution is added to each blank, standard,
‘,ole blood, dr qualiry  conuol  sample before injection into the purging apparams.

Sample Collection

Previous studies of VOCs indicate that thej, half-life in human blood is relarivelv short.
In most cases,  values berween  6 and 24 hours are considered to b.z the best esrirnates  fir these
hti-lives. Because VOCs  do nor reside long in tie body, suecial  sample collection
considerations are necessary.  Except in cases of cxaemely high exposure,  sampling of blood
after  as much as 3 days after removal from exposure will  not indicate abnormal levels in the
blood Of course the len=ti of time after exposure for which useful samples can still be obtained
will vary  witi the level of exposure. It is therefore sugpesred that samples be obtained either
before removal from exposure or as quickly after this time as possible. This will require
preparation  well before assessment of environmental levels. Thus, it is hi-&ly desirable  that
protocols, release forms, and sample collection materials be ready and on hand when  assessment
begins. This wilI enable the collection of blood samples before the VOCs are excreted from the
body.

Samples are collected by venipuncture  using grey top vacutainers  which contain
porassium  oxalate / sodium fluoride  as anticoagulant. Two 10 I& rubes  are collected from each
individual, the second tube being used for examinat-ion of reproducibility and sample stability.

6
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m; APPENDIX H: V o l a t i l e  Organics i n  Serum A s s a y  P r o t o c o l
w.

-_

f.
Within  15 minutes the samples are placed on wet ice or stored at refrigerator temperatures. The
samples should not be frozen or allowed to stand for an extended lcngrh of time at room
temperature.

Samples should be shipped via next day tier in insulated containers along with enough
ice packs so that the temperature  can be maintained during the shipping process. Shipmenrs
should not be made which will arrive on weekends or federal hoIidays. All shipments aremade
to

Centers for Disease Control
Bldg 17, Room 1814, El7
4770 Buford Highway
Chamblee, Georgia 30341
Atm: Dr. David Ashley

Preliminary  experiments have indicated that the concentration of some volatile analyres
changes over sample storage time. Therefore, the samples should be shipped within 1 - 2 days
of collection so that they Can be analyzed within 2 - 3 weeks of collection.

Sample Preparation

Before sample inrrodnction  the purgin,v vessels are thoroughly ckned with methanol,
h.~atcd overnight,  a small portion of antifoam  agent added, and the vessels heated and purged
through one regular purge  and uap cycle with no sample present- This assures the removal of
any remaining contamination from the vessel and arkfoam agent.

10 mL samples are exuacted into a gas-t@ syringe which has been thoroughly washed
with methanol and ‘contaminant-kee’  water. The syringe is weighed  to the n&est  0.01 g both
before and after extraction of the sample. These numbers are subtracted to determine the sample
weight. To the syringe is added 20 uL of the analog solution. The syringe is attached to the
purging appaiatus  via a luerlock  fining, tht valve is opened, the sample is injected into the
purging vessel, and tie valve is, closed before removal of the qinge. A typical daily  work load
consists of an insmunent  blank, a water blank, an analytical  standard, 3 unln~ow~~.,  and a quality
conuo1  sample.

Instrumentation

The purgk  and trap apparatus consists of a T&mar  LSC 2000 purge and uap concentrator
with an attached AIS 2016 automated sampler- l5.s &system  allows up to 16 samples to be
loaded for processing at one time. Because of lack of communication between the sampler and
the mass spectrometer  data systm the method rquires operator attention at particular steps in
the analysis routine. Helium flow rafe is mabtaincd a~ 30 ml/min  at 20 psi. This flow rate is
critical since too large a flow will cause column breakthrough and reduce sensitivity to low
boiling compounds. For sample analysis the following steps are programmed into the purge and

7
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c APPENDIX H: Volatile.Organics  in Serum Assay Protocol 8_.

trap concentrator.

Srtr, Time Temmrature
Preheat 3.00 min. 30°C
Purge 15.00 min. 30°C
Dry Purge 6.00.  min. 30°C
Cap Cooldown -150°C
Desorb Preheat 175°C
Desorb 4.00 min. 180°C
Inject 0.75 min. 200°C
Bake 36.00 min. 225°C

Analyte  separation is carried out on a Hewlett-Pack&l model 5890 gas chromarograph
specifically modified to allow channeling of effluent  through a heated interface into the mass
spectrometer. The chramarograph  is equipped with a J 6r W 30rn DB-624 column with 1.8 urn
film thickness. The gas chromatopaph uses the following temperarure  program:

TemDerature Hold Time
0°C 1.5 min.

30°C 2.0 min.
190°C 10.0 min.

Rate (“/min.)
12.0
8.0

Ramp Time
2.5 min.

20.0 min.

The mass spectrometer is a 1% Analytical 70,r high resolution mass spectrometer
operating  at 300.0 resolving power. Insmxnenr  tuning and resolurion  must be checked  before
each experimental run. Masses are calibrated versus perfluorokerosene.  The kxrument  is
operated in full scan mode (40 - 200 amu).

The following masses are used as quantitarion  ions:

Analyte

I, 1,: -Trichloroethane
1,1.2,2-Teaachlorotthane
1,1,2-Trichloroethane
1,l -Dichloroethane
1,l -Dichloroethene
1,2-Dichlorobenzene
1 12-Dichloroethane
1.2-Dichloropropane
1.3-Dichlorobenzene
1,4-Dichlorobenzene
Z-Butanone
Acetone

Benzene

Quantitarion
Ion

99.9800
S2.9455
96.9612
63.0001
05.9534

145+9690
61.9923
63.0002

145.9690
145.9690
72.0575
59.0452
60.0486
78.0470

Analog Quantiration
Ion

1.1 ,I -Trichloroethane-D, 96.46 17,
1 F l-2,2-Teaachloroethae-D, 63.951X
1 1 1,2-Trichloroethane-D, 99.9500
1,l -Dichloroethane-D, 66.OlS9
1,l -Dichloroerhene-D, 64.9941
1.2-Dichlorobenzene-D. 151.9912
1 ,ZDichloroethane-D, 67.0060
1.2-Dichloropropane-D, 67 -0253
1 &Dichlorobenrcne-D, 151.9912
1 +Dichlorobenzene-D, 151.9912
2-Butanone-D, 75.0764
Acetone-13C, 61.05 19

Benzene-? , 84.067 1

8
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3romodicNoromethane
Bromoform.
Carbon Disulfide

Carbon Tetrachloride
Chlorobenzene
Chlorofolm
cis-1,2-Dichloroethene
Dibromochloromethane
Dibramomethane
Ethylbenzene
Hexachloroethane
Hexane

m-/p-Xylene
Methylene chloride
o-Xylene
Styrene
Tetrachloroethene
Toluene

trans-1 ,2-Dichloroetkne
Trichloroethene

77.0391
82.9455

172.8425
77.9399
75.9441
79.9357

116.9066
112.00s0
82.9455
95.9534

125.8923
92,933!3

106.0783
165.8725
S6.1006
87.1129

106.0783
s3.9534

106.07S3
104.0626
165.S725
91.054s
65.0391
95.9534

129.9144

Bromoform-‘3C
Bromoform-‘3C
Carbon d&fide-?

Carbon tetrachloride-‘%Z 11+9099
Chiorobenzene-D, 117.0394
Chloroform-‘3C S3.9489
cis-1,2-Dichloroethene-D, 64.9941
Chlorodibromomethane-‘3C 129.8958
Bromofotm-“C 173.8453
Ethylbenzene-D,, 116.1410
Hexachloroethane-1  -13C 166.8758
Hexane-D,, 100.1974

p-xylene-D,, 116.1410
Methyiene  chloride-? 84.9567
o-Xyiene-‘3C, 116.1410
Styrene-D, 112.1128
Tetrachloroeth!p,nt-13C 166.8758
Toluene-D, 98.09S7

aans-l.2-Dicbloroethene-D, 64.9941
Trichloroethene-“C 130.9177

9

173.8458
173.8458
7s.9433

In some cases, nvo or more masses are indicated.. These aliow a wider dynamic range
in measurement for certain analytes.

Data Analysis

Data are processed. automatically by a chromaropam  generation, peak detection and
quantitation routine specikally  designed for this application. This routine provides for hard copy
output of all chromatograms  with peak detection indicated, full scan specaa  at all detected peak
maxima, and hi&ly expanded mass specaa around the ions of interest. All peaks which are
automatically detected are individually checked for proper integration. AU spectra are checked
for appearance of interferences which may occur in the quantitation  windows. Correction is
made for the o-xylene conuibution  to the styrtne signal.

isotope Dilution Calculations

Quantitation  is achieved by detcrmina tion of relative response factors benveen  native
analytes  and labelled  analogs added to the sample being  examined. The analog levels are kept
constant and calibration curves of the relative response berween  analyte  and analog are plotted

9
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a - ..IM

for standards al five different concentrations which cover the range of inreresr. In most cases,
native  analytes  have some response at the mass used for determination of conttibution  for the

labelied  isotope. Likewise, the labelled isotope often contributes some response at the mass
being used for anaiyte quantitation. In these cases corrections must be made for the contribution
of labelled  analyte ro the native ion and vice versa. In order to properly determine relative
response factors between the analytc and analog, these effects must be taken into account. This
is the basis for the use of more complex isotope dilution calculations. -35

The following ratios must be determined for correct use of these calculations.

For the native analytes,

b= area of quantiration  ion of the analyte at analyze  retention time

area of the analyte  corlnibiution to the quantitation ion
of the labelled  analog at analyte  retention time

For the labelled  analogs,

area of labelled malog  con*tibution  to the quantitation ion

Ry = of the analpe at analog retention time

area of the quantitation ion of the labelied  analog af analog retenrion time

These ratios are a measure of the degree to which the native analytes  conxibut-,  labelled
,.aIog signal and vice versa. If measured correctly, Ry will also account for the presence of

..ative  analyte  present in the labelled spiking solution. These ratios are measured by adding
enough of the solutions of interen  to ovemhelm any conuibtion  from contamination.

If no area is detected in the denominator of the Rx cakukrion,  Rx should be set to a
number substantially larger than 1. In this Drotocol 1000000 was chosen. E no afea  is detected
in the ueiamr of the Ry calculation, Ry should be se; to a number substantially smaller  than
1.. In this protocol 0.000001 w’as  chosen. This wiU allow use of the same calculation in cases
in which there is no contibution  of analog to analyte  signal or analog to analyte  signal.

The ratio of the anaiyte signal to the analog signal must then be determined for each
sample, srandard,  blank or QC material. This is given as

R.Ul= area of the quantitation ion of the analyte  at analyze  retention lime

area of the quantitarion  ion of the labelled  zualog  at analog retention time

The relative response is calculated from the above ratios as

RR = CRY - Rmcfi + 1)

10
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APPENDIX I: S C E  A s s a y  p r o t o c o l

Procedure for Sister Chromatid Exchange Analysis

Peripheral blood lymphocytes were cultured in RPM1 1640 (GIBCO) medium
supplemented with 15% fetal bovine serum, 1% penicillin-streptomycin, 1%
phytohemagglutinin  (Burroughs-Wellcome) and 10 g/ml 5-bromo-2’-deo$kridine
(BrdU)/ml  (complete medium). Cultures were established by adding 0.6 ml of
whole blood to 15 ml centrifuge tubes containing 9.4 ml complete medium. The
cultures were then incubated at 3721°C wjth 5% CO, in air for 68-70 hours. Tile
treatment tubes were identified by sample ID number. Two hours prior to
harvest, Colcemid was added to each culture at a final concentration of 0.1 &ml.
After harvest by centrifugation,  the cells were subjected to hypotonic  swelling in
0.075 M KC1 and fmed in three changes of Carnoy’s  fixative (methanol:glacial
acetic acid, 3:1, v/v) and then stored overnight or longer at approximately 0-6°C.
The. cells were suspended in a small volume of fLlcative  and applied dropwise  onto
precleaned, wet slides. The slides were stained with Hoechst 33255  (5 g/ml) for
approximately IO minutes, mounted in phosphate buffer, exposed to a black light
lamp with 15 watt  tubes for approximately 4-S minutes and then rinsed and
countersrained with 5% Giemsa solution at pH 6.6 for G-10 minutes.

Lytogenetic  evaluations were performed without obscnler  knowledge of the cell
source. Whenever possible, a total of 25 well-spread and well-stained-second-
division metaphases  were evaluated per culture.
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APPpDIX J: DNA Extract ions Protocol

Procedure for Extracting DNA From Human Nucleated Cells

Buffy coatS o.f nucleated cells obtained from anticoagulated blood will be resuspended in
50 ml polypropylene centrifuge tubes with 15 ml of nuclei Iysis buffer (IOmM  Tris-HCl,
400 mM NaCl and 2 mM Na,EDTq pH 82). The cell lysates will be digested obemight
at 37°C with 1.0 ml of 10% SDS and 25 ml of a protease K solution (1 mg protease I;
in 1% SDS and 2 mM Na,EDTA).

After digestion, 5 ml of saturated NaCl (approximately 6 M) will be added to each tube,
the tube vigorously shaken for about 15 seconds, followed by centrifugation  at 2500 rpm
for 15 minutes. The precipitated protein pellet will be left at the bottom of the tube and
the supematant containing the DNA transferred to another 50 ml polypropylene tube.
Exactly 2 volumes of room temperature absolute ethanol will be added to the tube and
the tube inverted several time until the DNA precipitates.

The precipitated DNA will be removed with a tie-polished glass Pasteur pipet or
micropipet tip to a 15 ml polypropylene centrifuge tube containing 05 to 1 ml TE buffer
(10 mM Tris-HCI,  02 mM N+EDTA,  pH 75). The DNA will be allowed to dissolve at
least 2 hours at 37’C before quantitating.

An equal volume of chloroform will be added to each tube containing the DNA in TE
buffer. The tubes vriu be rocked by hand until an emulsion is formed. The emulsion
will be centrifuged at 1600 x g at room temperature for at least 3 minutes. Using a
transfer pipet, the upper aqueous phase will be transferred to a fresh polypropylene tube
and the volume transferred estimated. The interface and lower organic phase will be
discarded.

The concentration of monovalent cations ti be adjusted either by dilution with TE
buffer @H 8.0) if the DNA solution contained high salt concentration or by addition of
5 N NaCl solution to achieve a tial concenmtioa of 0.1 M.

Exactly 2 volumes of ice-cold absolute etknol  will be added to the tube acd ‘he tube
inverted several time until  the DNA precipitates. The rube will be stored at -2O’C  for
30 to 60 minutes to facilitate DNA precipitation if needed. The sample will be
centiged  at 12000 x g at 0°C for at least 10 minutes. The supematant will be
discarded. The tube will be inverted on adsorbent paper and remaining fluid aspirated
in capillary tubes or micropipet tips.

The pelleted DNA will be resuspended in TE btier such that initially the concentrasion
will be higher that 500 pg/ml  The DNA concentration will be determined by W
absorption at 260 IIIIL The DNA concentration will be adjusted to So0 pg/ml by
addition of additonal  TE buffer. DNA samples will be stored at 4°C.
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APPENDIX K: PROPOSED AGENDA (TIMETABLE)

Plan f o r  t h e  B i o l o g i c  S u r v e i l l a n c e  Inltiatlve,  K u w a i t  011 F i r e s  H e a l t h  R i s k
A s s e s s m e n t .

2. ‘un-91

IO-Aug-Ql

12-Auv-91

I?-hug-9  1

28.Fob-92
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APPENDIX L: A r e a s  o f Responsibility Pace I of 3

P l a n  f o r  t h e  Blologlc  Survelltance  Inltlatlve,  K u w a l t  011  Fires H e a l t h  Risk
A s s e s s m e n t .

1. The principal Investigator  (PI):

a. u,iII oversee planning and integration  ax all stages of the BSI A*

b. will supcrvisc  and CXCCUIC reporting of hc BSI results

C. will establish collaborative rclarionships and ix rcsponsiblc  for
rccruirmcnt o f  collaboraring investigators.

d. will effect communication among collaborative  panics and among elements
of the USAEHA.

w i l l  take responsibility  f o r  safeguarding a n d  rransmikng  darz. idcnlificrs,
a n d  rcstlts 2 s  appropriate  t o  t h e  several t a s k s  i n  Ihc BSI.

2. The DOD Health Effects Working Group, Kuwait Oil Fires will:

a. provide continuing guidance for this initiative,

b. appoint a new PI in the event that the PI now acting cannot complctc  the
t’ I -2, -< * i .

&

C. oversee the approval process for this plan. and for BSI results and
publications.

3. Associate Investigators

_ a. Dr. David Ashley, CDC will conduct VOC assay. He will oversee quaky and
technical aspects of that assay- He will report to the PI on results. He will collaborate
on analyses and interpretation of the data from this assa!*. and o n  int:_rralion  of  the
DNA adduct assay with environmental datz from the HR.%.a

b. CPT David Gustavison will be the Occupational Medicine Resident assigned
to this initiative at the USAEHA. He will function at the direction of the Residenq
Program Director, working with the Project Officer (PO), CPT Scott.

c. Dr. Jack Heller. Health Risk Assessment Branch (HRAB), USAEH.4. will
oversee integration of the BSI with the Kuwait Oil Fires Health Risk Assessment
(HRA). He will provide guidance to the PO regarding any changes or adaptations
which may be identified as needs. He will coordinate the flow of environmental dara
from the HRA for inteparion with the BSI.

d. Dr. David Jacobson-Gram. Associate Professor of Oncology. the Johns
Hopkins Medical Institutions (JHMI).  and Microbiologicals.  Incorporated (MI),
Rockville. MD, will oversee producrion  of DNA extracts, and on interpretation of DNA
adduct dara integrated with environmental data from the HRA. He  wi l l  coordinate
reporting wi th  Dr .  McDiarrnid.
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Page 2 Of 3

Plan f o r  t h e  Biologic Surveillance  Inltlatlve,  Kuwait 011 Fires H e a l t h  Risk
A s s e s s m e n t .

e. Dr. Victor F. Kalasinsky. Armed Forces Institute of Pathology (AFIP)  will
conduct trace metals analyses. He wiIl overset qual i ty  and technical  aspec ts  of  that
assay. He will report to the PI on results. He will collaborate on analyses and
interpretation of the data from this assay. and on integration of the DNA adduct assay
with environmental data from the HRA. PY

f.  MAJ Richard  M. Lachivcr , USAEHA will continue to collaborate on
planning, data collection, dara entry. data analyses. and integration of the overall BSI
as his duties and posilion permit.

S* Dr. Melissa A. McDiannid. The Johns Hopkins University School of Hygiene
and Public Health, will scme as principal consultant for gcnotoxics assay and
evaluations. She will track execution of these assays through the appropriate other
associate investigators. She will oversee the reponing  of SCE and DNA adduct assays
to the PI. She will manage data handiing  for these assays. With the PI, she will effect
data analyses for these assays. She will moderate communications among all the
associate invcsrigators  conducting the DNA adduct and SCE Frequency  assays.

h. MAJ Bruno Petruccelli. WRAIR, will manage data handling ior the overall
BSI. H e will conduct database construction and manipulation. He wilI be responsible
for description, analysis, and interpretation of the results of this initiative. He will
work with the PO on needs for these components. and repon to the PI on progress.
He will. with the PI. prepare reports on the overall BSI results.

i. Dr. Miriam Poirier. National Cancer Institute (NCI) wiIl conduct ELISA for
DNA adducts. She will oversee quality and technical aspects of thar assay. She will
coordinare reporting with Dr. McDiarmid. She will collaborate on analyses and
interprerarion of the data from this assay, and on inregration of  the  DNA adduct  assay
wi th  environmental  d a t a  f r o m  t h e  HRA.

j. CIT Brian Scott, USAEHA. will serve as Project Officer for the BSI. He will
effect the measures directed by the PI and the DOD Health Effects Working Group. He
will: -

1. prepare the BSI plan

2. effect communications with all OCONUS parties for execution of the
data collection phases of this initiative.

Group.
3. repon as needed LO the PI and -LO rhe DOD Health Effects Working

4 .
a n d  Dr- keller.

serve as Physician POC for the HRA management through the HRAB
In this capacity, he will advise the HRAB on modification of the

exposure f&ton  used in modeling. He will continue to advise the HRA team on any
n e w  develqpments.

‘,
‘5.

RMD. USAEHA.
accomplish necessary fund manipulations and coqtracting through
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Plan f o r  t h e  Blologlc  Survelllancs  Initiative,  Kuwelt O i l  F l r e s  H e a l t h  R i s k
A s s e s s m e n t .

6. execute identification of data collccLion team members through the
PI. He will accomplish assembly. POR. training, movement, deploymcnr, ovcrsighL.
and mission execulion  of the dala collusion  teams in and to all OCONUS locarions
(Kuwait and Germany) for Phases II-IV of the BSI. He wiI1 serve as OIC of lhc data
collecrion missions for phases II-IV. he-2.:

7. serve as POC for all associate investigators.  He will maintain
communications channels, and  cxpeditc adapta t ions  o i  p lans  and  processes as  needed.

3. Changes 10 this description of responsibilities will be through the Pl. LTC David
Decter.  USAEHA.
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APPENDIX M: Key Personnel  and Points  of  Contact Page 1 of 2

P l a n  f o r  t h e  Blologlc  S u r v e i l l a n c e  Inltletlve,  Kuwait  011 Fltes  H e a l t h  Risk

A s s e s s m e n t .

David P. Deeter, MD, MPH, Lieutenant Colonel, h4edical Corps, US Army,
United States Army Environmental Hygiene Agency (USAEHA).
ATTN  HSHB-MO, USAEHA, APG, MD 21010-5422 comm (301) 671-
4312 DSN 584- xxxx %.<.:

Frederick J. Erdtmann, MD, MPH, Colonel, Medical Corps, US Army, Chair,
DOD Health Effects Working Group, Kuwait Oil Fires, Consultant in
Preventive Medicine, Office of the Surgeon General
ATTN:  SGPS-PSP 5 109 Leesburg Pike, Falls Church VA 22041-
3258,  comm (703) 756-0125 DSN 289-0125

David L. Ashley, Ph.D., Supervisory Research Chemist, Division of
Environmental Health Laboratory Sciences, Center for Environmental
Health and Injury Control, U.S. Centers for Disease Control (CEHIC,
CDC). 4770 Buford HWY B-27, CHAMBLEE, GA 30341,
comm(404)4S8-4144

David K. Gustavison, DO, MPH, Captain(P), Medical Corps, US Army,
USAEHA.
ATTN HSHB-MO-R, USAEHA, APG, MD 21010-5422 comm (301)
671-2714/2464  D S N  584-xxxx

Jack Heller, Ph.D., Health Risk Assessment Branch, Waste Disposal
Engineering Division (WDED), Directorate of Environmental Health
Engineering, USAEHA ’
ATTN HSHB-ME-S, USAEHA, APG, MD X010-5422 comm (301) 671
2953/2954 D SN 584-xxxx ‘.

Dr. David Jacobson-Kram,  Associate Professor of Oncology, Hopkins
Microbiologicals,  Incorporated (MI), Rockville, MD.

Victor F. Kalasinsky,  Ph.D., Environmental Toxicologist, Armed Forces
Institute of Pathology (AFIP)

comm (202) 576-2434 DSN 291-xXxX

Richard. M. Lachiver, MD, MPH, Major, Medical Corps, US Army, USAEHA.
ATTN HSHB-MO-O, USAEHA, APG, MD 21010-5422 comm (301)
671-2714/3534  DSN 5 84-xXxX

0-
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APPENDIX M : Key P e r s o n n e l  a n d  Poinls  o f  C o n t a c t Paze 2 of 2

P l a n  f o r  the B i o l o g i c  Survclllancc  Inltiatlvc. Kuwait  Oil F i r e s  H e a l t h  Risk

A s s e s s m e n t .

Melissa A. McDiarmid, MD, MPH, Associate Professor. Occupational and
Environmental Medicine, Division of Environmental Health Sciences,
The Johns Hopkins University School of Hygiene and Public Health
(JWJ)
615 N. Wolfe Sr.. Baltimore. MD. 21005 comm (301) 955-4157

Bruno Perruccelli.  hID. MPH. Major, Medical Corps, US Army, Walter ReeS
Army Institute of Research, (WRAIR).
ATTN: SGRD-UWK-A. Wash. D.C. 20307-5 100 comm (202) 576-
3517/3587  DSN: 291-xxxx

bliriam Poirier, Ph.D., Research Scientist, National Cancer Instirure  (KCI).
National Institutes of Health (NH). comm (301) 402-1835

Erian G. Scott MD, MPH, Captain(P), Medical Corps, US PLrmy, USAEHA.
ATTN HSHB-MO-O, USAEHA, APG, MD 21010-5432  comm (301)
67 l-271 4/3534  DSN 5S4-xxxx, F A X  xSl17
F.-MAIL: BSCO’ITBAEHAI  .APGEA-ARMY-ML
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APPENDIX:  N :  Text  o f  Bricflng  Glvcu to  VolnotcrrJInrormtd  Coaxat  Form Page
plan f o r  t h e  Biologic  Sunslllance  Inltlstlvs,  Kuwait 011 F i r e s  H e a l t h  Risk
Asrr8sment.

1 of 2

S.&rveilla&e  o f  U . S .  A r m y  P e r s o n n e l

The U.S. Army fnvironmental  Hygiene Agency (AEHk), at tt??

request of the Surgeon General of the Army, h2s been monitoring the

2ir quality in Kuwait to assess any health risk to soldiers and

civilians  living and operating in the region. This monitoring w2.s

p:onpte,d by the smoke arising from burning oil wells. Despite the

visible intensity of this smoke, the AEHA-working together with the

U.S. Environmental Protection Agency. the Centers for Disease

Control, 2nd ofher federal and private organizations--hzs  determined_.

t&t the co&r&ion of toxic g2ses and nuisance pafiicles from E

wide. range oi locations around the fires is very 10~. MLIC~ oi t;he Zlr

that has been monitored ‘was right inside the smoke plume itself.
. i

While persons with &,t<$$ or chronic lung disease mey experienci z
.I.. -

‘?omqo;ary wo%ening .q;fsc.their  symptoms,  no  harmiul  health &ects

Ai the same time th2i REHA is monitoring tir quziity , ii is-I
Zsked to m2ke cert2in  th2t any possible eiiecrs on soldiers will nz:*

. . .
g o  unnoiicez, so iha; actions can be taken to avoid iusher risk. To

,;. . .
-,ftdAO  this, preventive  medicine 0Xcers mtist conduct spezi21 i=S% on 2

&reseniativq s2mpi e of persons deploying io Kuwait, and comp2ro
.- .

ptiei results with _t=sts done once during 2nd once 2?ter  their s:2y in
:

th& .region, Again no signiiicant changes are expected. but it IS

iEpOrl2ni io provide thP best possible health care to U.S. saldizrs.

(over)

_a

F-7-60
. . ,.



APP~h’DIX  N:  Text  of Brief ing Given to ~oluntcerrlInCormed  Consent Form Page 1 of 2
Plan tar t h e  Blologlc Survelllancr  Inltlativs,  K u w a l t  O i l  F i r e s  H e a l t h  Risk
Asssssmsnt.

Soldiers ;Ire?aring  to de=rloy  to Kuwait  will be a s k e d  t o

complete a sim$e health questionnaire. Some soldiers wil l be
e

selected at -random to participate  in a  b;eathing t e s t  ( a  device’i.,ill

measure how forcefully an individual  can exhale), and will be asked

to donate a blood specimen (equal to about 5 tables;roons).  These

tests pose no risk to participants except for any problem arising

from a routine blood draw (a needlestick  in the arIm)-which  waulc

be an extremely rare occurrence.

If you are chosen for special  testiirg to reTresent your unit  be

aware tha; your cooperation with this surveillance  Is im;loCant fcr

the preventive health of the Tntire unit. The tests are designed :o

that the body has when toxic substancesdetect very subtle responses

are present-well before. any. .
A taking part in then?: ipecla

disease would occur. Therefore persor.s

.I tests are m missing an opqorruniry to

be screened  for dlszase. Instead, the -results of your tests wiIl serve

as an sariy .marker for ‘jl e whole grou$ that is located a; :fre same

distance irom the fires as you.

. . ~
t 9y signing below you are acknowledging that this surveillance

. . . :‘.
:.bas been explained to you, and that you are willing to take  pafi in the3.:

_ needed measurements. Tnank you for your cooperation.
i-

?rint ezme Signaurr Dtte

F-7-6 1
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5 MAY - 3 DECEMBER 1991

APPENDIX G
SAND AND AMBIENT AJR SAMPLE ANALYSIS

Volume I

I. PURPOSE. As part of tbe overaJl environmental sampling  and analysis effort to assess
the health risk from oil well fires to U.S. troops involved in Opention Desert Storm, sand
samples, ambient particulate matter less than 10 micrometers (PM-lo) samples and industrial
hygiene samples were analyzed by RJ Lee Group using a variety  of analytical techniques.
The purpose of the analyses was to provide a detailed charactetion  of particulate matter
comprising each sample to be used as part of a detailed human health risk assessment related
to U.S. military and Department of Defense (DOD) civilian exposures to contaminants
associated with  the burning oil  wells.

a. REFERENCES.  Alistofreferencesusedintbis  Apperd.ix~~ntaimxji.n~ex  G-l .

IIl. BACKGROUND.

A. Proiect  SC- This rep-t contains  a summary of work completed by RJ Lee  Group
under subcontract to-the  U.S. Army (Contraa  Nos, DAA1M5-92-C-0041  and D&W0593-
C-O28!5). The project’s purpose, as outlkd  above, was to provide a de&led
characteriation  of particulate matter on a set of sand samples,  PM-10 samples  and industrial
hygiene samples. Results obtained from these  analyses were used to provide insight on the
nature of particulate matter related to the burning  oil wells that afkted ambient air quality in
Kuwait and Saudi Arabia.

B. Amdix Format and Contents. The  following sections of this appendk  contain
general background information concerning tbe types of samples that were collected, dates
and locations where the samples were cokcted,  and the types of analyses that wete
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pxformed on the samples: Pamgraph  IV details the s@.fic  analyses performed  on each
sample and summarizes the results obtaiued.  Paragmph  V discusses the results and identifies
trends in the data. Recommendations for future work are provided in Paragraph VI.

C. General Information.

1. At the request of the U.S. Army Surgeon General,  an air sampling program was
developed by the U.S. Army Envi.ronmental  Hygiene Agency (USAHKA) to determine the
magnitude and extent of pollutants released  to the atmosphere from the burning oil wells.
Sampling began in Kuwait and Saudi Arabia in early May 1991 and continued through
December 1991. As part of this sampling effort, PM-10 samples were collected using high-
volume samplers at nine sites which are identified  in Table G-l. In an effort to further
assess ambient air quality in the region, additional PM-10 samples were collected in
November 1993 at the Khobar and Camp The sites. These  additional samples
provide irkformation  on an&ii air quality under more typid conditions (i.e., baseline data)
which can be used to help difkeutiate the inhakion  risk posed by the oil well fires from
those potentially alrady existing in the region.

TABLE G-l. PM-10 SAMPLING LOCATIONS IN KUWAIT AND SAUDI ARABIA

Khobar Towers
camp 1
KKMC
FskanViuage
Milky Hospital
u s  Embassy
Camp Tlhlnderock
Ahmadi  Hospital
C=P MY

Al-Dhahran, Saudi Arabia 6 May - 2 Dee 1991
Al-Jubayl, Saudi Arabia 8May- 4 Aug 1991
King Khalid  Military City, Saudi Axabia 19 May - 25 Aug 1991
Ar-Riyadh, Saudi Arabia 25May-2SAug1991
Kuwait city, Kuwait 17May- 2Dec1991
Kuwait City, Kuwait 19 May - 15 Jul 1991
Doha, Kuwait 6Jull  - 2 Ike 1991
Al-Ahmadi, Kuwait 6Jun  - 6 Jul 1991
AMaly, Kuwait .19 May - 5 Jun 1991

Khobar Towers Al-Dhahmn,  Saudi Arabia 3 Nov - 9 Nov 1993
C_amDund ov - 7 Nov I993

A subset of the PM-10 samples was analyzed by atomic absorption (AA) spectroscopy,
inductively coupled plasma (ICP) spectroscopy and ion chromatography (IC) to document the
concentrations of the following twelve elements of interest: antimony (Sb), arsenic  (As),
bromine (Br), czulmium  (Cd), chromium (Cr), lead (Pb),  mercury (Hg), nickel (Ni),
strontium (Sr), vanadium (v), zinc (Zn), and zirconium (Zr). These elements were selected
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for analysis to assist with the health risk assessment. In addition, sevexal  of the elements
(Le., V, Ni and As) are found as impurities in Kuwaiti  crude oil. Thus, the use of these
elements as “tracers” or “markers” can provide insight on the impact of the oil well fires on
ambient air quality. Microscopic techniques consisting primarily of computer-controlled
scanning electron microscopy (CCSEM) and transmission electron microscopy (EM) were
used on a subset of PM-10 samples to provide particle mass distribution data and particle-
type data. The microscopic data were also used to assess the impact from the oil well fires
because. carbon-chain agglomerates, which were easily identified using these techniques,
provided a good tracer of the plumes. Thermal/optical methods  were also used on a subset
of PM-10 samples to provide information on the organic carbon  (OC) and elemental carbon
(EC) components. These data were also of value in assessing the impact from oil well fires
because  the EC da@ can be used  as an indicator  of the soot emissions associated with the
plumes. Since Cr was of concern due to potential hogenic  risk, methods  based on A4
analysis were uti.kd  to permit quantification  of hexavalent  Cr. Microscopic data were also
used to assist in the Fiation of Cr.

2. Industrial hygiene air sampling and analysis were performed to monitor and
characterize occupational exposures to DOD sentice  members who had potential high-risk
exposure to the oil fire emissions. Samples were initially collected at various locations
within Kuwait and Saudi Arabia from May to June 1991. Additional samples were collected
in October and November 1991. Table G-2 lists the locations where the industrial hygiene
air samples were collected. Similar to the PM-10 samples, a subset of samples was analyzed
by GA, ICP and IC to document the concentrations of Sb, As, Br, Cd, Cr, Pb, Hg, Ni, Sr,
V, Zn and Zr. The CCSEM and TEM techniques were used  to provide particle mass
distribution and particle-type data. Manual scanning electron microscopy (SEM) techniques
were used to identify and analyze high atomic numhr  particles (e.g., V and higher). A
subset of samples were also  analyzd  by Fourier transform infmred  (FTIR)  spectroscopy and
gas chromatography/mass spectroscopy @C/MS)  techniques to document the levels of semi-
volatile organic compwnds, polycyclic  aromatic hydrocarbons, polycyclic  nuclear
hymns, halo- organic compounds and nitrosamin~.

3. Soil (sand) samples were collected and analyzed as paa of the multimedia
sampling effort to assist in the assessment of health risk from oil well fires to U. S. troops
involved in Operation Desert Storm. Samples were collected at various locations in Kuwait
and Saudi Arabia during May through Sep 1991. Additional samples were collected in Nov
1993. Subsets of the 1991 and 1993 samples were analyzed  by CCSEM to provide particle
mass distribution and particle-type data. The 1993 samples were also analyzed by AA, ICP
and IC to document the levels of Sb, As, Br, Cd, Cr, Pb, Hg, Ni, Sr, V, Zn and Zr. In
addition, the sand samples collected in 1993 were analyzed for hexavalent chromium using
methods based on AA analysis. Tables G-3 and G4 list the locations in Kuwait and Saudi
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TABLE G-2. INDUSTRIAL HYGIENE SAMPmG  LOCATIONS IN SAUDI ARABIA
ANDKuwAxT

Khobar  Towers Al-D-, Saudi Arabia Residential/Guards
Nonhwest  Jubayl Al-Jubayl, Saudi Arabia Supply Points
826 Ordnance Al-Jubayl, Saudi Arabia lkrl.nlunition
Loading
Jubayl Port Area Al-Jubayl, Saudi Arabia Equipment
Handling
DammanPortGrea Damman,  Saudi Arabia Equipment
-g
Camp Freedom Subhan, Kuwait R&d&dJGlUKdS
EOD Safe Holding Area Camp Freedom, Kuwait Ammunition
Storage
US Embassy Kuwait City, Kuwait GUdS
Military Hospital Kuwait City, Kuwait GlUUdS
Ahmadi Hospital Al-Ahmadi, Kuwait General Area
Camp Thunderqk Doha,  Kuwait Guards
Gathering Center 1 Burgan Oil Field, Kuwait Field Work
Gathering  Center 2 Burgan Oil Field, Kuwait Field Work
1Road Inte ecti n

TABLE G-3. SAND SAMPLE IDENlIFICAlTONS  AND CO-ON DATES - 1991
SAMPLES

SamDlhw  Site Date Collected

Camp Freedom Subhan, Kuwait
KhObar Al-D-, Saudi Arabia
KKMC King Khalid  Military City, Saudi Arabia
Camp Freedom snbhan, Kuwait
KhObZlr Al-Dhatuan,  Kuwait

10 May 1991
14 May 1991
18 May 1991
30 May 1991
12 sep 1991
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TABLE G-4. SAND SAMPLE HXNTKFICA~ONS AND COLLHmON  DATES - 1993
SAMPLES

Sam~lin~  Site

Camp Thunderock
US Embassy
Camp Freedom
Ahmadi Hospital
Military Hospital
KhObiU

C=P 1
Camp  1

mtion

Doha, Kuwait
Kuwait City, Kuwait
Subhan, Kuwait
Al-Ahmadi, Kuwait
Kuwait City, Kuwait
Al-Dhahran,  Saudi Arabia
Al-Jubayl, Saudi Arabia
Al-Jubayl, Saudi Arabia

Date Collected

3 Nov 1993
4 Nov 1993
5 Nov 1993
5 Nov 1993
5 Nov 1993
7 Nov 1993
8 Nov 1993
8 Nov 1993

bbia where the 1991 and 1993 samples were collected. The data obtained from the soil
sampling  and analysis effort were combined with the air monitoring data to provide for a
comprehensive health risk assessment that evaluated  all pathways/routes of exposure.

IV. ANALYIICAL  METHODOLOGY AND RESULTS.

A. Sand Samules.

1. Metals and Bromine Analysis. Seven samples collect&  by USAEKA  personnel
in Nov 1993 from the top several inches of sand at Camp Thunderock,  U.S. Embassy, Camp
Freedom, Ahmadi  Hospital, Military Hospital, Al-Dhahmn  and Al-Jubayl and one composite
sample collected at Al-Jubayl were analyzed for eleven metals (i.e., Sb, As, Cd, Cr, Pb, Hg,
Ni, Sr, V, Zn, and Zr) and Br.

a. Antimony, arsenic,  -urn, chromium, nickel, saontium and vanadium were
analyzed using a Varian  Model  400 Graphite Furnace Atomic Absorption (GFAA)
Spectrometer with a Zeeman  background co&on. Lead and zinc were analyzed by GFAA
on a Varian  Mtiel400  or by Flame Atomic Absorption v) Spectroscopy on a Varian
Model 300,  depending on the level of aualyte encwntered. Extracts of sand were prepared
for these analyses following the U.S. Environmental Protection  Agency (EPA) Method 3050.
Briefly, sand was extracted  in fuming nitric acid followed by a final dilution to 50 mL in 4%
nitric acid. The elements were analyzed following methods listed  in Table G-5.
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TABLE G-5. ANALYTICAL METHODS USED FOR EACH mANDLIMITS
OF QUANTITATION

Element Method Instrumentation Limit of
Quantitation*

Antimony (Sb)
Arsenic (As)
Bro mine (Br)
Cadmium (Cd)
Chromium (Cr)
-d cpb)
-01
Me-y 0
Nickel  (Ni)
Strontium (Sr)
Vanadium (V)
Zinc (Zn)
Zinc (Zn)
Zirconium (Zr)

EPA SW846-3050/7041
EPA SW846-3050/7060
NIOSH  7903
EPA SW84&3050/7131
EPA SW846-3050/7191
EPA SW846-3050/7420
EPA SW8463050/7421
EPA SW84&7471A
EPA SW846-3050/7520
EPA SW84&3050/7OOOA
EPA SW846-3050/7911
EPA SW846-3050/7950
EPA SW846-3050/795  1
NIosq 7300

GFAA
GFAA
IC

GFAA
GFAA

GFAA
CVGA
GFfi
GFAA
GFAA

GFAA
ICP

50.0 ppb
5,O ppb
0.6 ppm
5.0 ppb
5.0 ppb
0.1 ppm
5.0 ppb
0.5 ppb
5.0 ppb
5.0 ppb

10.0 ppb
50.0 ppb
5.0 ppb
5.0 ppb

l Limit in final extraction solution.

b. Samples were analyzed for Hg following EPA Method  7471A. With this method,
samples were extrackd  in a mixture of nitric and sulfuric  acid containing potassium sulfate
and potassium permanganaze  at 95 ‘C. These extracts were anaIw using a Varian  Model
300 Atomic Absorption Smeter  with a cold vapor generator (CVAA).

c. To improve the level of detection for Zr over the standard AA method (reference
I), a method  was developed by RJ ke Group for analysis of extract solutions using an
ultrasonic nebulizer  with ICP (reference 2). A Spectra  Analytid Model D ICP was
monitored at a wavelength of 339.20 mn for these analyses. Details  of the method are
described in Volume II of this report.
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d. Samples were analyzed by IC for Br. National Institute for Occupational Safety
and Health (NIOSH) Method 7903 was used for this analysis. Samples were prepared  by
extraction with carbonate/bicarbonate IC eluent. Extracts were analyzed on a Dionex Model
2120i Ion Chromatog-raph  using an Ionpac AS4 separation column and a Micromembrane
Anion suppressor column from Dionex.

e. Table G-5 lists the preparation/analyti~  methods used in this study and the
quantitation limits for the fina extraction solution for each element. Sample concentrations
for each element were based on calibration cumes  generated from certified reference
standards and verified against independent reference materials. Details of the methods used
for each element in this assessment are described in Volume II of this report.

f. Maximum observed levels of each metal in the sand samples can be found in Table
G-6. Strontium was present at the highest levels of the metals investigated, ranging from
103.0 pglg at Camp Freedom  to 2255.3 pg/g at Camp Thunderock. Antimony, bromine,
cadmium and mercury levels were all below quantitation limits. Arsenic, chromium, nickel,
vanadium and zirconium varied from site to site by less than about 40% relative standard
deviation @SD).  Strontium showed the greatest variation amongst the sites (125 % =D)
whereaS lead had the next -test variation at 69% RSD. The complete data set is
provided in Table G-2-l in Annex G-2.

TABLE  G-6. MAXMUM  OBSERVED  METAL CONCENT&YIIONS  IN SAND
SAMPLES

Uement* Sample IoWion Site Date Collected Concentmtion  (ug/e;Z

Vanadium Ahmadi Hospital, Kuwait
Chromium Ahmadi Hospital, Kuwait
Nickel Camp Thundeu&,  Kuwait
ZillC us Embassy, Kuwait
Strontium Camp Thuoderock,  Kuwait
Zirconium Ahmadi Hospital, Kuwait
AXXliC Camp Tbur~derock,  Kuwait
Lead A 1-Jubayl, Saudi Arabia

5 Nov 1993 16.7
5 Nov 1993 24.8
3 Nov 1993 16.6
4 Nov 1993 49.6
3 Nov 1993 2255.3
5 Nov 1993 1.3
3 Nov 1993 3.3
8 Nov 1993 18.6

* Antimony, bromine, cadmium and mercury were below limits of quantitation.
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2. Hexavalent Chromium. Sixty bulk sand samples were collected in Kuwait and
Saudi Arabia by USAEKA  personnel between 2 November 1993 and 8 November 1993.
Approximately 20 grams of each sand sample was extracted in the field with water and
charged onto solid-phase cartridges containing a hexavalent chromium-specific @and
following proc&ms developed at RJ Lee Group. Cartridges were prepared prior to field
sampling at RJ Lee Group according to the procedures described by Morocco, et al.
(reference 3). The bulk sand samples, contained in zipper-lock plastic bags, were kept as
retention samples. Seven additional sand samples were spiked  with hexavaient  chromium in
the field and also chargd onto solid phase &dges. Sixty-seven cartridges obtained from
charging sixty sand samples and seven spiked-sand samples were sealed  in zipper-lock plastic
bags, stored at or below refrigerated temperatures, and ship@  at similar temperatures to the
USAEEXA facility in Aberdeen,  Maryland.  Samples were transferred to RJ Lee Group on 18
November 1993. Refer to Tables  G-2-2 through G-2-5 in Annex G-2 for identification of the
&ridges  and sand samples.

a. Hemvalent chromium was eluted  from cartridges with n-butanol.  Eluants  along
with eluants  from blank and hexavalent chromium standard reference material SRM-2109
(reference 4) spiked cartridges were analyzed on a Va.&n Model 400 GFAA with Zeeman
~background  corzection  following EPA Method SW846-7191.  Sample concentrations were
based on calibration cures generated from the blank and SRM-2109 spiked cartridge eluants.
The limit of quantitation for water-extractable  hexavalent chromium was determined to be
5.0 parts per billion @pb)  for a 20 gram sample. No sand sample analyzed for hexavalent
chromium showed quantitatable  levels of this ionic specie.

b. Water extracts of the retention samples described in paragraph VlB2  were analyzed
on GFAA following EPA Methods  SW84&3050/7191. The limit of quantitation for water

extractable total Cr was determined to be 17.9 ppb for a 20 gram sample. No sand sample
analyzed showed quantitile  levels of water~xtractable chromium. In contrast to the
water-exuztable Cr, extraction with fuming  acid, as described in pamgraph  IVAla, reported
chromium ranging from 3 to 25 ppb (refer to Table G-2-l in Annex G-2). Microscopic
analysis detect.4 stainless st& particles on the fiters which would help explain these
fi.nd.iJlgs.

c. Water+xtractable total and hexavalent chromium results for the sand samples are
provided in Tables G-2-6 and G-2-7 in Annex G-2.

d. In addition to the field samples, USAEEXA field personnel charged seven camidges
with extracts from seven diffemt sand samples which they had spiked in the field with
hexavalent chromium at various levels. Recovery of hexavalent chromium from six of the
field spiked samples averaged 120.3 f29.6 56. Results for the seventh sample are not

e
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reported due to missing field data. A summary of the results for the six spiked samples is
shown in Table G-2-8 in Annex G-2. Details on validation of this method are provided in
Volume II of this report.

3. Particulate Composition and Sizing. Samples of soil (sand) were collected by
USAEELA  personnel from several sites in Kuwait and Saudi Arabia from May 1991 through
September 1991. Additional samples were collected in November 1993. The 1991 samples
that were received for analysis by microscopic techniques are summarized in Table G-7. The
1993 samples that were analyzed by microscopic t&.niques  for particulate composition and
sizing are identified in Table G-8.

TABLE G-7. SAND SAMPLE  IDENTIFICATIONS AND COLLECTION DATES - 1991 SAMPLES

Sauwlit~~  Site Location
USAEHA USAEHA

Identification lab. No
FU Lee  Group
Samult  No.

Camp Freedom Subhan,  Kuwait 10 May 1991 CF-SA Y2189 601464
m0bar Al-Dhabmn.  Saudi Arabia 14 May 1991 DA4A Y2173 601466

KKMC,  Saudi Arabia
EFreedom  Subhan, Kuwait

18 May 1991 KK4A Y2168 601468
30 May 1991 CF4A 22190 601465

KbObZU Al-Dhhau,  Snudi Arabia 12 !kp 1991 DA-l&7 21670 601467

TABLE G-8. SAND SAMPLE IDENTIFICATIONS AND COLLECl-ION  DATES - 1993 SAMPLES

USAEHA sample RJ Lee  Group

Camp Thunderazk
us Emlmsay
cpmpF&
Ahmadi  Hospital
Milky  Hospital
KtlObu

lhbr,  K u w a i t
&wait  City, Kuwait
subhau.  K u w a i t
Al-Ahndi, Kuwait
Kummit ciity,  Kuwait
Al-Dhaimu,  Saudi kmbii
Al-Jutmyl, Saudi  Arabi
Al-Jubayl, Saudi kabii

3 Nov 1993
4 Nov 1993
5Nov1993
5 Nov 1993
5NovlW3
7 Nov 1993
8 Nov 1993
8 Nov 1993

Big CT w5192
Big EM 605194
Big CF 605191
BigAH 605189
Big MH 6Q5195
Big DA 605193
Big AI 605190
AJ Compwitc 605063

a. Details of the prepamtion  and analyt.iEal  methods  us& are found in Volume II of
this report. Briefly, the samples were fits sieved through a 90 )rm (170 mesh) screen. The
~90 pm fraction was then sieved again using a ,38 pm (400 mesh) screen. The C38 pm
fraction was prepared and anal+ for size and particle-type information by CCSEM.
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b. Mass distribution results based on aerodynamic equivalent diameter for the < 38
pm fraction  are reported in Tables G-2-9 and G-2-10 in Annex G-2, showing the bulk of the
mass to be in the > 10 pm aerodynamic size range.

c. Particle-type results are presented in Tables G-2-11 and G-2-12 in Annex
G-2. These results indicate that mixed clays, silicon-rich and calcium-rich particles were the
dominant types found in the samples.

d. The sand samples collected in 1993 were examined using TEM methods. The
primary purpose of the TEM examination was to document whether carbon-chain
agglomerate particles were present in the samples. Although carbon-chain agglomerates were
observed in most samples, they were present at very low levels and would have a negligible
effect on the overall sample mass.

B. PM-10 Samwle&  Forty-eight high-volume PM-10 samples, twenty-five collected in
1991 and twenty-three collected in 1993, were anaim for eleven metals (i.e., Sb, As, Cd,
Cr, Pb, Hg, Ni, Sr, V, Zn, and Zr), Br and hexavalent chromium. Table G-2-13 in Annex
G-2 identifies the samples analyzed and gives the collection date for each filter.  Subsets of
these samples were also analyzed by thermal/optical and microscopic techniques. Filters
were sectioned for the various types of analyses (GFGA,  ICP, CVAA, IC, hexavalent
chromium, thermal/optical and microscopic) using plastic (non-metallic) scissors to avoid
contamination from metal parricles  during cutting.

1. Metals and Bromine. For the GFAA,  m, and ICP analyses, the size of filter
sections in square inches was recorded. A section from each sample was then extracted in
fuming nitric acid according to EPA Method SW846-3050  followed by dilution in 4% nit&
acid. Samples were prepared and analyzed for Br and Hg using IC and CVAA  methods  as
described in paragmph  IVAl for sand. Analysis of extracts were performed for metals and
bromine as described  for the sand samples.

a. The average concentrations of metals de&ted  on PM-10 filters collected in Camp
Thunderock  and Khobar in 1991 and 1993 are shown in Table G9. M&imum observed
levels of each metal for the samples collected in 1991 and 1993 are tabulated in Tables G-10
and G-l 1. It should be noted that the 1991 PM-10 samples were collected over a 24-hour
period, whereas the 1993 samples were collected over a 12-hour  period.  The 1993 samples
were collected over a shorter time period  ia an attempt to provide a better sample for
microscopic analysis. In summary, the levels of all metals  were low (i.e., ng/mJ  levels).
Many of the metals and Br were found to be at or below the level of quantitation. With the
exception of F% at Khobar, the average levels of metals obswved  for samples collected at
Camp lhunderock  and Khobar in 1991 were higher than for those collected at the same sites
in 1993. Other than for Cd, which was m near the limit of quantitation, the maximum

-
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levels of each element were greater in 1991 than 1993 as catl be observed in Tables G-10
and G-11. The complete data set for metals and Br is presented in Tables G-2-14 and G-2-
15 in Annex G-2.

b. Electron microscopic examination of several PM-10 samples, showed that lead
particles were consistent with automotive emissions from leaded fuel (refer to paragraph
mg).

c. Concentrations of Ni and V reported here are consistent with other published data
for similarly loaded fdters. Cahill et al. (reference 5) reported values of 5 to 21 ng/m’  and 9
to 27 ng/m’  for Ni and V collected in plumes 2000 meters in elevation at a distance of about
200 to 250 km downwind of the fires. Madany and Raveendran  (reference 6) reported
average concentrations of 22 and 26 n&r? for Nr and V collected in ground-level samples in
Bahrain, approximately 320 Ian downwind from the fires.

TABLE G-9. AVERAGE  OBSERVED ELEMENTAL CONCENTRATIONS ON PM-10 SAMPLES
COLLECEO  IN 1991 AND  1993 (n&d)

Element*

Antimony
AlXtIiC
chfomium

MCl=CWy
Nickel
SttoIltiUItl
Vanadium
zinc
ZiICOQiUIU

Camp  Thunderoek KhObar
1991+ 1993=k l!Wlk 1993**

23.7 BLQ 14.7 BLQ
3.0 BLQ 2.7 BLQ

21.2 5.7 15.9 7.6
162.4 34.6 185.3 309.7

0.7 BLQ 0.6 BLQ
15.5 7.8 20.2 10.1

109.4 16.3 - 118.4 26.3
m-7 5.1 18.0 5.9
93.0 57.6 116.1 81.9
3.6 BLQ 3.1 BLQ

l Bromium  md cpdmium  were WOW  limit of qua&task (BLQ
+ Avcqe  of 4 swrqlts
+ Avetagt  of 13 ampIts
§ Avtrage  of 6 smplcs
l - Averpgt  of 10 amplu
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TABLE G-10. MAXIMUM  OBSERVED METAL CONCENTRATIONS ON I%-10 SAMPLES
COLLECED  M 1991

concentration
Element* Sample Location  Site Collaxed (w/m’)

Chromium

M-=rvY
Nickel
Stmntium
VanadiUm
zinc
zirwnilun

US Embassy,  Kuwait m Jun 1991 33.1
Milky  Hospital, Kuwait 5 Jun 1991 5.9
Military  Hospital, Kuwait 17 Juu 1991 74.8
Military Hospital, Kuwait 12 act 1991 753.9
US Emb-y.  Kuwait 20 Juu 1991 2.0
US Embassy, Kuwait 17 Jun 1991 53.7
US Embq, Kuwait 17 Jun 1991 198.3
us Exnimmy,  Kuwit m thy 1991 46.0
Kllotmr,saudi~ 29 Jul1991 275.4
EskmWhgc,huditiia m Jun 1991 9.0

* Bmmb  and Cadmium  were at or BLQ

TABLE G-11. MAXIMUM  OBSERVED METAL CONCENTR4l’lONS  ON PM-10 SAMPLES
COLLECED IN 1993

Concetttration
Element* Samvle  bation  Site Collected hdm’l

Merrury

Nickel

VaUdiUOl
ZiC

Zitconium

catq-lll-, K u w a i t  - 4 Nov 1993 3.2
c a m p  Tllundwock,  K u w a i t 7 Nov 1993 3.5
Khobu. !kltdi A r a b i a 7 Nov 19’3 8.6
Khobaf,  Saudi Afabia 4Nov1993 416.4
KhotBu,saudiAtabia 7Nov1993 1.0
camp -Ill-, Kuwait 4 Nov 1993 12.5
Khobnr.  sludi mu 5 Nov lW3 71.6
Khotmr.  Saudi Arabia 4NovlB3 6.4
mobar. Saudi Ambii 7 Nov 1993 106.0
citctp Tllundemck,  Kuwait 6 Nov 1993 2.6

l Antimony was BLQ for rll qlcp in 1993

2. Hexavaleti  Chromium. The 48 PM-10 filter samples analyzed for metals and
bromine were also  analyzed for water+%nctable  to4 and hexavalent  chromium. A list of
the samples analyzed is provided in Table G-2-13 in Annex G-2.

G-12
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a. The preparation  methodology for these samples was adapted from the method
evaluated by Morocco, et al. (reference 3) for analysis of water samples for hexavalent
chromium. Briefly, filter portions were soaked and shaken in double deionized water washes
followed by filtration through  a paper filter  and charging onto solid phase cartridges
containing a hexavalent chromium specific @and.  Hexavalent  chromium was eluted from
cartridges with n-butanol. These eluants  along with eluants  from blank and spiked cartridges
were analyzed on GFU following EPA Method SWS46-7191.  Results of these analyses
showed no hexavalent chromium present above the quantitation limit of, at most, 0.8 ng/m3
on any filter.

b. Prior to charging, an aliquot  of the extract was set aside for total water extractable
chromium analysis by EPA Method  SW846-7191.  Water extractable chromium was only
detected in 4 out of the 43 samples analyzed and all four values were less than 8.0 ng/ni.

c. Water-extractable total chromium and hexavalent chromium results for the PM-10
samples are provided in Tables G-2- 16 and G-2-17 in Annex G-2.

d. To investigate the background levels of Cr in quartz and glass-fiber filters, blank
falters were extracted with water, nitric acid, or nit.& plus hydrofluoric acids. Water
extracts showed Cr below the quantitation limit of 0.02 &I+- Fuming nitric acid extracted
Cr on the order of 0.2 pg/in’  and nitric acid followed by hydrofluoric acid extracted 0.8
&II~ of Cr. Electron microscopic examination of these blank filters detected particles of
stainless st&, which could.explain  the background levels of acid-extractable Cr observed
(= paragraph -g).

3. Elemental Carbon. Thirty-four PM-10 samples from eight sampling sites were
analyzed for organic carbon, elemental carbon, and inorganic carbonate  using therrnaY0ptica.l
methods by Sunset Laboratory, Forest Grove, Oregon under subconttact  to RJ LRe Group.
A list of the samples analyzed along with the mlts  is provided in Table G-2-18 in Annex
G-2.

a. The thermal/opti~  analysis was perfarmed in an oxygen-free helium atmosphere.
Each sample was heated in four temperature steps to remove all the organic carbon present.
As the organic compounds were vaporized, they were immediately oxidized to carbon
dioxide in an oxidizing oven. The optid  absorbance of the sample was monitored
continuously with a helium-neon (He-Ne) laser. By monitoring the optical  absorbance of the
sample, organic compwnds which are pyrolytidy  converted to e1emem.a.l  carban  can be
determined. The flow of helium containing carbon dioxide was sent to a methanator  oven
where it was converted to methane which was then deteaed by a flame ionization detector.
Elemental carbon was determined by cooling the oven to 525 ‘C and switching to a 2 percent
oxygen/helium mixture. This was followed by increasing  the temperature to 600 “C and
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then 700 “C. During this phase, both the original elemental ti and that produced by the
pyrolysis of organics  during the first phase are oxidized to carbon dioxide, followed by
detection using flame ionization. Again, the darkness of the filter is continuously monitored
using the He-Ne laser. After carbon has been  oxidized from the sample, a known volume of
a hewn mixture of methane is injected into the sample oven as an internal  standard.

b. The elemental carbon results provide insight on the impact of oil Et-e emissions on
ambient air quality bemuse  soot  in the plumes is elemental carbon in the form of small
carbon-chain agglomerate particles (reference 7).

c. Therrna.l/op&.l  data indimte  that elemental carbon (soot) results ranged  from a
low of 0.5 pg/m3  at Camp Thunderock  (5 November 1993) to a high of 198.5 pg/m3 at
Ahmadi  Hospital (20 June 1991).

d. Elemental carbon  in the Khobar  samples  ranged  from 0.9 &II.?  to 30.6 rg/rn’
with an average of 11.5 pg/& (six samples) during the period  from 23 May 1991 to
15 October 1991. Samples collected at the same site between 3 November 1993 and
7 November 1993 ranged from 1.1 &I? to 1.9 pglm3  with an average of 1.6 pgln? (six
s a m p l e s ) .

e. At Camp Thundercxk,  elemental carbon ranged from 1.7 pg/m’  to 53.8 @g/m3  with
an average of 25.0 pg/m3 (four samples) during the period  from 11 June 199 1 to 12 October
1991. From 3 November 1993 to 7 November 1993, results tanged from 0.5 pg/m3 to 3.6
pg/m3  with an average of 2.0 pg/m3 (six samples).

f. Results obtained from the thennaJ/optical  analysis are su
location site in Figure 1.

* ti by sample

g. The elemental carbon  contained on the 1991 samples  is similar to that reported in
the lhemuxe, though da& from Herring and Hobbs (reference S), show considerable spatial
vaxiation  within a plume, and data from Thibaut  and Lameloise  (xeferen~ 9) show
considerable temporal  variation (in terms of hours) at individual ground  locatiws. Although
elemental carbon in individual plumes at their source can be several hundred to several
thousand ng/m3  (references 9, 10, and ll), data from Ferek et al. (refereuce  11) and Cahill
et al. (reference 5) show concentrations between  23 and 224 &I? at distances of 20-250 km
downwind of the oil well fires.

4. Particulate Compsitiom and Sizing. A total of 57 high-volume PM-10 samples
was received for potential microscopic analysis. The  samples were collected over two time
periods. The first set was obtained between  20 May 1991 and 15 October  1991 when the oil
wells were still butning.  The  second set was collected from 2 November 1993 to
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9 November 1993. The second sample set was obtained to provide information on ambient
air quality under more typical conditions for the region and to help in the assessment of the
impact of the oil well fires on ambient air quality. The as-received condition of these
samples is listed in Tables G-2-19 through G-2-28 in Annex G-2. Twenty-two of these
samples were selected for analysis using a combination of CCSEM and TEM techniques.
The selected samples were collected at Khobar,  Saudi Arabia and Camp Thunderock,
Kuwait. The CCSEM/TEM analyses provide information on individual particle size and
composition which were used to construct particle  mass distribution data and particle type
summaries. The CCSEMITEM  data were also used  to provide insight on the impact of the
oil well fires on ambient air quality in Kuwait and Saudi Arabia by using the carbon-chain
agglomerate particle type as a tracer of the oil fms plumes (reference 12).

a. The PM-10 samples were collected on glass-fiber  and q--fiber  fitter,  Details
on the p-cm and analysis methods used  on these samples are provided in Volume II of
this report.

b. Aerodynamic equivalent mass distribution results, as presented in Tables G-2-29
and G-2-30 in &ex G-2, indim that the majority of the particle mass for most samples
occu& in the size ranges less than 10 pm. However, a signifimt  Won of the paxticle
mass was observed in the 10 to 30 pm size range for all samples. Several of the samples
also reported signifimt  mass in the greater than 30 pm size range.

c. Particle-type data for the samples are provided in Tables G-2-31 and G-2-32 in
Annex G-2. These data indicate  that mixed clays, silicon-rich and calcium-rich particles
account for the vast majority of the sample mass for most samples. These data indicate that
the PM-10 material was comprised mainly of sand-based material.

d. Particle-type data indicate  that carbonchai.n  agglomew  (CCA) generally account
for only a small pecentage of the sample mass for most samples as shown in Tables G-2-33
and G-2-34 in Anuex  G-2. At Khobar, CCA ranged from 0.8 &I? to 20.5 &rn” with an
average  of 6.9 &m3 (six mples)  during the period  from 27 May 1991 to 15 October 1991.
For comparison purposes, CCA ranged  from 0.9 pgfm3  to 5.2 pg/m3  with an average of 2.7
pg/m3  (six samples) between 3 November 1993 and 7 November 1993.

e. AtCampB, CCA langed from 0.5 pgld to 89.5 &m3 with an average
of 31.2 pg/m3  (four samples) based on samples collected Wween 11 June 1991 and
12 October 1991. During the period  of 3 November 1992 to 7 November 1993, CCA
ranged from 1.2 pg/m3  to 5.1 pg/rn’ at Camp Thundemck with an average of 3.7 pg/rt?  (six
samples).
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f. The CCSEMITEM CCA results compared  well with the elemental carbon results
obtained with thermal/optical analysis as illustrated in Figure 2.

g. The four Camp Thunderock samples collected in 1991 were examined further for
the presence of heavy-metal-bearing particles. Of particular interest were uranium particles.
large auras of the filter (Wween 10,000 and 35,000 fields at 800X per sample) were
examined using CCSEM techniques. No uranium particles were detected. However, lead-
bromine, stainless steel, strontium and vanadium particles were detected. Figures 3 through
6 provide an image and elemental spectrum of each particle-type.

C. Industrial Hvtiene  SamDIe Analvsis. Mixed cellulose ester @ICE), polyvinyl chloride
(PVC) and polymnate  (PC) futers  collected using personal monitoring samplers were
analyzd  by for metals (i.e., Sb, As, Cd, Cr, Pb, Hg, Ni, Sr, V, Zn, and Zr), Br, organic
compounds, and individual particle siz and composition. Samples were divided into sections
to IIE used for the various preparative  and analytic  methods. The  areas or weights of the
portions used for chemical analyses were meaSuTed  to facilitate fina reporting based on
whole filter.

1. Metals and Bromine. Nine filters were analyzed for metals and Br. Table G-12
identifies these filters. Table G-13 lists the methods used for these analyses and the limits of
quantitation for each element in the final extract solution.

TABLE G-12. INDU- HYGIENE SAMPLES ANALYZED FOR MIXU AND BROMINE

USAEHA Elcld Filter Date USAEHA lU k Group
Samule No. TV-E collcctccl !&wle  Location  Site Lab No. !Sample  No.

130-04
130-10
T134-20
135m
T136-04
137-11
T140-05
140-11
OF/FBI3  1

MCE
MCE
PVC
PVC
PVC
MCE
PVC
MCE
PC

10 May 1991
10 May 1991
14 May 1991
15 May 1991
16 May 1991
17 May 1991
20 May 1991
20 May 1991
NA

no&u.saudiAmbia
Kholmr,  Saudi Arabia
Camp Fmdom, Kuwait
Field Bhk
Camp Freedom,  Kuwait
Miliwy  Hospital, Kuwait
Bqsn Oil Field, Kuwait
Bugaa Oil Field, Kuwait
Held  Blank

Y1109
Y1112
N A
NA

NA
Y1836
NA
Y1837
25391

601456
603679
601426
601429
601430
6014.60
60143s
603693
603707
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Comparison of Tbermal/Opticai  Elemental Carbon Results
to CCSEMITEM Carbon Chain Agglomerate Data

Slope = 0.52
Khobar, Saudi Arabia ICI-t = 2.00

Colrclalion  = 0.784

2s -
n

Khobar, Saudi Arabia
Slope = 0.52
ICI-t = 2.00
Colrclalion  = 0.784

0 5 10 1s 20 2s 30 3s

Ekmcntd  Carlma  (uglm’)

Camp Thunderock,  Kuwait

-10 !i 10 20 30 40 xl 60

Elemcntd  Carha (up/m  )

FIGURE 2

G - 1 8



Final XDt, Kuwait Oil Fire HU. No. 39-26-L192-91,  5 Yay -

count
320C

160C

3 DPC

20 mm 20.0 keV 0.0 pA 5000- 3 u m
000

s VFS=3203
P b

Figure 3. Secondary Electron Image
and Elemental Spectmm  of a
Lad-Bromine Particle



Final Rpt, Kuwait Oil Fire ERA No. 39-26-L192-91,  5 May - 3 Dee 91

20 mm 20.0 keV 0.0 pA 2000-8um
000

Counts VFS=2958
Fe

Figure 4. Secondary Electron Image
and Elemental Spctrum  of a
Stainless  Steel Particle

’ ’ ' 510 ' ' ' 'lo:0 ' ' ' '15i0 ' ' ' '20iOKeV

G-20



Final Rpt, Kuwait Oil Fore ERA No. 39-26-Li92-91,  5 May - 3 Dee 91

Count

20 mm 20.0 keV 0.0 pA 3000-3um
000

.s vFs=E6_607

Figure 5. Secondary Electron Image
and Elemental Specuum  of a
Strontium-rich Particle

/J\
0.0 5.0 10.0 15.0 20.0XeV

G-21



Final Rpt, Kuwait Oi Fire HRA No. 39-26-L192-91,  3 Nay - 3 Dee 91

20 mm 20.0 keV 0.0 pA 3000r
0 0 0

Counts VFS=3185

Ca

1600

Figure 6. Secondary Electron Image
and Elemental Spxrum of a
Vanadium-rich Particle!‘,,,, I\ ,,,,,, , ,,, , ,,,

LO 5.0 10.0 15.0 20.0XeV

G-22



Final Rpt,  Kuwait Oil Fire HRA No. 39-26-L192-91,5  May - 3 Dee 91

a. Antimony, arsenic, mdmium,  chromium, lead, nickel, strontium, vanadium and
zinc were analyzed using a Varian M&e1 300 GFAA.  Filters were prepared by the
Occupational Safety and Health Administration (OSHA) Method ID-121 (Section 6.6).
Briefly, filters were digested sequentially in fuming n.itric/perchloric  acid, nitric/hydrofluoric
acid, and nitric acid followed by a final dilution to 10 mL at 4 percent nitric acid.

b. Antimony, arsenic, cadmium, nickel, strontium, vanadium, and zinc were found to
be below the limits of quantitation on all samples. tid levels above the background were
detected in Samples 130-04, 113604,  and 137-11. Elevated background levels of Cr and Zn
were detected on the fitter  blank samples. Elevated background levels of chromium are not
unexpected on MCE fdters. Chromium levels on the order of 0.3 pg on new 37 mm MCE
ftlters have been observed (reference 13).

TABLE  G-13. ANALYIICAL  MIXEXODS  USED FOR ELEMENTAL ANALYSES OF
INDUSTRIALHYGXENESAMPLIZ

Element Method Instrumentation tiit of Ouantitation’

Arsenic
Bromine
Cadmium
Chromium
Mercury
Nickel

htimony
Strontium
Vanadium
ZiUC
zitconium

EPA SW%7060
NIOSH 7903
EPA SW846-7131
EPA SW84&7191
EPA SW846-7471A
EPA SW846-7520
EPA SW84&7421
EF’A SW8467041
EPA SW84&3OSO/7OOOA
EPA SW846-7911
EPA SQ84&79Sl
RJ Lee Group Method

GFAA
IC
GF AA
GFAA
CVAA
GFAA
GFAA
GFAA
GFAA
GFAA
GFAA
ICP

5.0 ppb
0.6 ppm
5.0 ppb
5.0 ppb
OS ppb
S-0 ppb
5.0 ppb

SO.0 ppb
5.0 ppb

10.0 ppb
5.0 ppb
S,O ppb

l Limit in the final  exnaction  solution

c. Zirconium was analyzed using a method developed by RJ rSe Group for analysis
of extract solutions using an ultrasonic nebulizer  with ICP (reference 2). A Spectra
Analytical  Model D ICP was monitored ata wavelength of 339.20 run for these analyses.
Zirconium was found to be below the limit of quantitation for all personal filters analyzed.
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d. Samples listed in Table G-12 were analyzed for Br using IC techniques. The
NIOSH Method 7903 was used for this analysis. Samples were prepared by extraction with
carbonate/bicarbonate IC eluent. Extracts were analyzed on a Dionex Model 2120i Ion
Chromatograph  using an Ionpac AS4 separation column and a Micromembrane  Anion
suppressor column from Dionex. Bromine was found to be below the limit of quantitation
for all personal fitters  analyzed.

e. Results for the metals and bromine are summarized in Table G-2-35 in Annex G-2.

f. Filters were analyzed for mercury by EPA Method 7471A. With this method,
these samples were digested in nitric acid/sulfuric acid/potassium sulfate/potassium
permanganate  at 95 “C and analyzed by CVAA. To optimize these analyses, heavily loaded
filters with a larger portion available for analysis were selected. These fdters .are iden~ed
in Table G-14. Mercury was found to be below the limit of quantitation  for all industrial
hygiene samples analyzed. Data for these  samples am reported  in Table G-2-36.

TABLE G-14. IDENTIHCATION  OF MDUST’RIAL  HYGIENE SAMPLES  ANALYZED FOR MERCURY

USAEHA  field spmple W Lec Group
Samule No. Filter Tvwe Colle3ed bxtion  Site Sample No.

T127-11
R133-17
T133-1X
R134-21
R136XI3
T139-11
RI5247
R157438
R3 1347
F3leo8

PVC
PVC
PVC
PVC
P V C
PVC
PVC
PVC
Teflon
GF

7 May 1991
13 May 1991
13 May 1991
14 May 1991
16 May 1991
19 May 1991
1 Jun 1991
6 Jun 1991
NA
NA

Khobar,  Saudi Arabia 60374s
Camp  Freedom, Kuwait 601425
Camp Ftecdom,  Kuwait 601406
Camp Freedom. Kuwait 601427
Catpp Frcaiom, K u w a i t 601408
Cpmp  Thudem%  K u w a i t 601410
Al-Jubryl,  Saudi habii 603772
Buqau Oil Field,  Kuwait 603783
NA 603878
NA 603876

g. The analytid method used for each element is shown in Table G-13. Sample
concentrations were based on calibration cures generated from certified reference standards.
Details of the methods used  for particular elements are described  in Volume II of this report.

2. Organic Analysts.  Sixteen industrial hygiene samples were analyzed using either
FAIR specmscopy  and/or GUMS detection. Two of these  samples were collected at the
Burgan  Oil Fields on 20 May 1991 and were included to provide “source” information on the
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oil fm plumes. Due to their heavy loading, better analytical  sensitivity could be obtained
from these samples. A field  blank of each type of filter (i.e., MCE, PVC, and PC) was
analyzed. A list of filters analyzed by FTIR  and/or  GUMS is shown in Table G-15.

a. Samples listed in Table G-15 were analyzed on a 1700 Series Perk&Elmer  FXR
in reflectance mode. In addition to interpretation of spectra by an experienced chemist,
spectra were compared to a Perkin-Elmer data base and several printed indices. Although
many of these falters  had a dark black appearance, the levels of organic material based on the
infrared absorption were at trace levels. While the levels were below the limit of
quantitation,  they were estimated to be on the order of 10 pg/filter. Aromatic, aliphatic,  and
oxidized organics,  such as carboxylic  acids were indicated  in these spectra.

b. Ne samples were analyzed by GUMS as listed in Table G-15. These ftters
were weighed and extmcted  with carbon  disulfide  by soaking  overnight followed by
son.imti011  for approximately 2 minutes  in an ultfasonic  bath. The extmcts  were then filtered
and analyzed. The GUMS analyses were performed on a Hewlett Packard Model 5890
Series 2 Gas Chromatograph  with a Model 5971A Mass Selective Detector using a 30 meter
RTX-1 column from Rwtek.  Total ion current (TIC) or selected ion current (SIM)
programmed for the target compound list in EPA Method SW846-8270  were used to monitor
for organic compounds. Details of the methods  are described in Volume II of this report.

(1) Except for sample 140-l 1, no peaks  were detected in unconcentrated  extracts
using GUMS methods. A chromatogxam  of the extract from sample 140-11 showed peaks
which were identied by GUMS as a dioxane  derivative, diphenylphthalate, and nono-
methylphenylcyclopentasiloxa.ne. Although these compounds were detected, the levels were
determined  to be below the limit of quanlitation  (i.e., <5 ~g/filter).

(2) Phthaiate esters are well known contaminants caused  by the use of latex gloves
and plastic products. The silicone mate&l observed could be produced by heated  silicone
lubricants  or by se&nts used in the filter assembly. Therefore, the compounds observed
could be co * . ts from the collection and analysis methods.

(3) Based on the results  of the initial GUMS analyses, selected samples were
concentrnted  by evaporation under a stxez~~ of nitrogen and reanalyzed. After a lOO-fold
concentxation,  the extract  from Filter 13604 was myzed by GUMS.  Several peaks were
observed corresponding to various phthalate  esters.  However, no other analytes  could be
identified using this analysis.
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TABLE G-15. PERSONAL FILTERS ANALYZED BY ORGANIC ANALYSES

USAEHA Field Filter Date
SnmDle  No. Ibe Co!lecte4l SamDIe Location Site Samole  No,

USAEHA
Sample  No.

RJ Lee Group
Analysis Method

13044
130-10
134-12
Tl34-20
l35-07
Tl36-04
137-l I
T14045
140-l I
Rl52-07
152-18
Tl55-15
OFIFBt3 I
OFlFW58
R-3 13-07
F-3 1448

MCE IO May 19991
MCE IO May 1991
MCE 14 Mny 1991
PVC 14 M4y 1991
PVC IS May 1991
PVC 16 May 1991
MCE 17 May 1991
PVC 20 M4y 1991
MCE 20 Mny 1991
PVC 1 ha 1991
MCE I Jun 19991
PVC 4 Jun 1991
PC NA
PC 2 Nov 1991
Glass-fiber NA
Teflon NA

Kbobar,  Saudi Arabia
Khobar, Saudi Arabia
camp Freedom, Kuwait
Camp Freedom, Kuwait
Field Blank
Camp Freedom,  Kuwait
Military Hospilal,  Kuwait
Burgen  Oil Field, Kuwait
Burgan  Oil Field, Kuwait
Al-Jubnyt,  Saudi Arabia
Al-Jubayl,  Saudi Arabia
Al-Wafra, Kuwait
Field Blank
Oil Fields, Kuwait
N A
NA

Yl I09 601456
YI I I2 603679
Y 1833 603684
NA 601426
N A 601429
NA 601430
Y I836 601460
NA 601435
Yl837 600755
NA 603772
Y307  1 601448
NA 603750
25391 603707
25393 603709
N A N A
NA N A

ITIR, GUMS
GUMS
mu
FI-IR, GUMS
F-Ill& GUMS
FITR,  GClMS
GUMS
FITIt, GUMS
FI’IR, GUMS

FllR
FllR
GCIMS
FI-IR
FTIR
FTlR
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c. Although the l?CIR  and GC/MS  analyses performed on the industrial  hygiene
samples indiaed  that organic material was below the limit of quantitation, it should be noted
that the samples were collected on filters using personal  monitors. As such, most of the
volatile organic material in the air was not trapped using this sampling technique. Other
samples, collected using solid absorbents and analyzed  by the USAEHA,  are presented
elsewhere in this document.

3. Particulate Composition and Sizing.

a. MCB Filter Samples. The MCE filter samples were collected in both Kuwait and
Saudi Arabia between 10 May 1991 and 1 June 1991. Twenty-nine of the ftiters  were sent to
RJ lee Group for evaluation. After mipt, the samples were given a preliminary  optical
micmsmpy  evaluation in order to gain some insight on the condition of the individual filters
and to assist with determining whether the particulate l&g was acceptable  for the
CCSEMITEM analysis. Obsemations  and comments recorded  at the time of sample receipt
are presented in Tables G-2-37 through G-2-41 in Amex G-2. From this group, eight
samples were chosen to be analyzed using a combination of CCSEM and TEM techniques.
These samples were collected at Camp Freedom in Kuwait and Khobar  and Al-Jubayl in
Saudi Arabia. The CCSEM and TEM analyses provided information on individual particle
size and composition which were used to construct particle size distribution data and particle
type summaries.

(1)’ Details on the preparation  and analytical  methods  used in this assessment are
provided in Volume II of this report.

(2) Mass distribution results based on aer~Iynamic  equivalent diameter @resented in
Tables G-242 and G-2-43 in hex G-2)  indicate  that the majority of particle mass for
samples cokcted  in all locations occurred in the size ranges less than 10 pm.

(3) F&tide  type tesults  for this group of samples are presented in Tables G-24 and
G-245. These results indime that the majority of particle mass associated with  each sample
location was comprised  of yariws mixed clays, silicon--rich  and calcium-rch  mineral types-
The samples were comprised primarily of sand-based  ma&al. Detailed review of particle
type data from  the TEM  analyses of these filters indicated  that the majority  of particles
analyzed in this size range were CCA. Sample numt~r 133-14 revealed a higher percentage
contribution by carbon-rich particle types than did the other MCE filter samples analyzed.
Closer review of the CCSEM data from this sample indid that two large  (> 10 pm)
carbon-rich particles were detected  during the analysis,  thereby influencing the overall mass
contribution reported for the &n-rich  types on that sample.
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(4) A subset of four MCE filters were analyzed manually in the SEM for the
presence of particles containing heavy metals (i.e., higher atomic number constituents). The
fitters  analyzed represented different locations in both Kuwait and Saudi Arabia. Other than
lead-rich and lead/bromine-rich  feanrres,  particles containing higher atomic number
constituents were  either not detected or detected only in limited numbers on the samples
analyzed. No uranium particles were observed.

b. PVC Filter Samples. Samples were collected on PVC filter membranes in both
Kuwait and Saudi Arabia between 7 May 1991 and 9 June 1991. Seventy-five of the ftiters
were sent to RJ Lee Group for evaluation. After receipt, the samples were given a
preliminaq  optical  microscopy evaluation in order to gain some insight on the condition of
the individual filters  and to assist with determining whether the particulate loading was
amenable for CCSEM analysis. Observations and comments reco&d  at the time of sample
receipt are pmsented  in Tables G-2-46 through G-2-56 in ti G-2. From this group of
samples, a total of 26 were chosen to be analyzed using CCSa techniques. Sampk
selected  for analysis were collected at various  locations in Kuwait and Saudi Arabia. The
CCSEM analyses provided information on individual particle size and composition which
were used to construct particle mass distribution data and particle type summties.

(1) Details on the preparation  and analytical methods  used in this assessment are
provided in Volume II of this report.

(2) Mass distribution results based on aenxiyuarnic  equivalent diameter (presented in
Tables G-2-57 and G-2-58 in Annex G-2) indicate that the majority of particle mass for most
of these samples occurred in the size ranges less than about 10 pm. Signikant  differences
in mass distribution results were observed with some sample sets collected at a common
location but on different  days.

(3) particle-type  mlts  are presented in Tables G-2-59 and G-2-60 in Annex G-2.
These  results indimte  that the majority of particle mass asso&md  with each sample from this
group was comprised of various mixed  clays and silicon-rich mineral types  along with
calcium-rich types. This data indim  that the samples were comprised mainly of sand-.
based material. Eshmtes  on the levels of CCA particles (i.e., particles less than 1 pm)
could not be made due to interference with the filter matrix.

(4) A subset of six PVC filters  were arralm manually in the SEM for the presence
of particles containing heavy metals (i.e.,  higher atomic number constituents). The Elters
analyzed represented different locations in both Kuwait and Saudi Arabia. Other than lead-
rich and lead./bromine-rich  f=m detec~I on three of the six samples, particles containing
higher atomic number constituents were either not detected  or detected only in limited
numbers on the samples analyzed. No utanium  particles were observed.
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c. PC Filter Samples.  Samples were collected on PC filter membranes in both
Kuwait and Saudi Arabia between 31 October  1991 and 19 November 1991. Forty-five of
the filters were sent to RJ Ise Group for evaluation. The PC samples we= obtained because
the falter substrate which is smooth was more amenable to the CCSEM analysis than samples
collected  on MCE or PVC filters. After aipt, the samples were given a preliminary
optical microscopy evaluation in order to document the condition of the individual ftiters and
to assist with determining whether the particulate loading was acceptable for CCSEM
analysis. Observations and comments recorded at the time of sample receipt are presented in
Tables G-2-61 through G-2-68 in Annex G-2. From this group of samples, 25 were chosen
to be analyzed using a combination of CCSEM and TEM techniques. Samples selected for
analysis were collected at various lotions  in Kuwait and Saudi Arabia. The CCSEM
analyses provided information  on individual particle size and composition which were used to
construct particle size dishiition  data and particle  type summaries.

(1) Details on the prepamtion  and analytical  methods used in this  assessment are
provided in Volume II of this report.

(2) Mass distribution results based on aerodynamic equivalent diameter (presented in
Tables G-2-69 and G-2-70 in Annex G-2) indicate  that the majority of particle mass for most
of these samples occud  in the size ranges less than about 10 pm. However, a significant
fraction of the particle mass was observed in the 10-30 pm size range for the samples.
Significant differences in mass distribution results were observed with some sample sets
collected at a common location but on different days.

(3) Particle-type results are presented in Tables G-2-71 and G-2-72 in Annex G-2.
These results indimte  that the majority of particle mass associated with each sample from this
group was comprised of various mixed clays, silicon-rich and calcium-rich particle es.
These data indicate that the particulate matter was composed mainly of sand-based material.
Carbon-rich particles alsO accounted for a significant  amount of the samples’ mass. Review
of the CCSEM and TEM data indid  that the majority of carbon-rich particulate mass on
most samples from this group  was contributed by those less than about 2.5 pm in diameter.
Further review  of the data revealed that the majority of particles  document&  during  the
TEM analysis of most samples were CCA. .

(4) A subset of five PC filters were analyzed manually in the SEM for the presence
of particles containing heavy metals (i.e., higher atomic number constituents). The filters
analyzed  represented different locations in both Kuwait and Saudi Arabia. Lead-rich and
lead/bromine-rich particles were observed in higher abundance on two of the samples  than on
the others in this set. Other than this, particles containing higher atomic number constituents
were either not detected  or deEzted  only  in limited numbers  on the samples analyzed. NO
uranium  particles were observed.
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V. CONCLUSIONS. Based on sand  samples analysis, high-volume PM-10 samples and
industrial hygiene samples, the salient fmdings  of this assessment are:

A. Concentrations of Sb, As, Br, Cd, Cr, Pb, Hg, Ni, Sr, V, Zn, and Zr were
determined to lx at very low levels (i.e., ng/m3) at various locations in Kuwait and Saudi
Arabia when the oil wells were burning  (i.e., May 1991 to October 1991). In general, the
levels of the metals were at higher levels in 1991 as compared to November 1993 data. This
is illustrated in Figure 7 for Zn, Sr, V, Ni, Cr, Zn, and As in t&r? for Khobar as a
function of time. Figure 8 is the same representation for Camp Thunderock.  None of these
metals were present above 400 ng/m3  at these sites. These  graphs show a decrease in the
levels of As, Cr, Ni, Sr, V, Zn, and Zr with time after July 1991. ZRad  was not included
on these graphs since there was no obvious trend with time for this metal.

B. Hexavalent chromium was determined to be below the quantitation  level (i.e.,
<5ppb)insandsamplescou~inKuwaitandSaudiArabia.

C. Hexavalent chromium was determined to be below the quantitation level (i.e., co.8
ng/m’)  in PM-10 samples.

D. Elemental carbon data obtained from thermal/optical  analysis indicate that soot  from
the oil fue plumes was, in general, only a minor component of the PM-10 mass.

E. The CCSEMKEM microscopic data indicates  that CCA associated with the oil fm
plumes were, in general, only a minor component of the overall PM-10 mass. The EM
data indicated that the CCA particles consisted of two distinct size ranges (i.e., “small” and
“large”). The small ctrlxmchain agglomerate (SCA)  fraction  was made up of individual
spherical  partick  typi&Iy  less than 0.1 pm in diam~. The large wrbon-chain
agglomerate (LCA) fraction was composed of spherical  particles  grWer than or equal to
0.25 pm in size.

F. The thermaVopti&  elemental carbon  and CCSEM/TEM ccAdatawereingcmd
agreement. Figures 9 and 10 illustrate  the relationship of CCA and elemental carbon to
PM-10 concentration at Khobar  and Camp Thundenxk. The fact that the thermal/opti~
elemental carbon results compared  well with the CCSEM/TEM CCA dam provides credence
to both methods.

*

G. The CCSEM/TEM data indicate  that sand-based particles accounted for the majority
of the particle mass on most samples.
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Relationship  of Soot to PM-10 Concentration
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H. No uranium particles were detected using CCSHWTEM technology. (It is estimated
that over 4.0 x 10’ particles were screened during the uranium evaluation.) Lead-bromide
(automotive emissions) and stainless steel particles were detected in large numbers on some
samples. Stainless steel particles were also detmed on blank filters.

VI. RECOMMENDATIONS. Although the data reported in this assessment provide insight
on ambient air quality in Kuwait and Saudi Arabia when the oil wells were on fire, it should
be realized  that the data set was based on a limited number of samples. Therefore, it is
suggested that the following be considered:

A. To our knowledge, the CCSEMXEM  data is unique because  it provides direct
measurement on CCA particles. Since this particle type is used as a ttacer of the oil fire
plumes, the CCSHM/TEM datacan~usedtoestimatetbeimpaafromtbeoilwell~s.
Through analysis of a larger number  of samples and plotting the data with respect to location
and meteorology, a better estimate  of the impact  of the oil well fires on ambient air quality
in Kuwait and Saudi Arabia can be made, Therefore, it is recommended that thermal/optical
and CCSHWTEM  analysis be performed on a lzger  set of PM-10 samples.

1. Thermal/optical analysis of additional PM-10 samples in be used to screen for
additional samples for CCS- analysis.

2. The CCSEMITEM analysis can be performed on a subset of samples based on the
thenaalhptid  analysis.

B. To date, only samples cokcted during and after the oil well fires have been analyzed.
Efforts should lx expanded to obtain samples which were collected before the oil fires.
These additional data can be used to provide kter estimates on ambient air quality in
Kuwait and Saudi Arabia. This data set would be esp&ally  useful in ascertaining the levels
of CCA particles in the atmosphere prior to the oil fires.

C. Ia aaticipatiw  of future pteatially  a.tasmphic emiroamemal events, USAEHA  in
conjunction with other govemmenfaI  organ&&ions  (e.g., EPA, NASA, NIST, NCAR, and
NOAA) and universities should consider developing and itnplemeating a comprehensive
incident response  program based on the experience gained from this current work- The plan
could cover everything from how to identify the needed response to getting equipment and
supplies in place on short notices.
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TABLE O-2-1. METALSAND8ROMlNERESULTSFOR  SANDSAMPLESCOLLECTEDIN l993,pg/g

Sample AEHA Sample RJLceGroup
Location Sire Idcntif~ath SampleNo.  V Cr Ni 21 Sr 21 Cd As Pb Sb l% Hg

ChmpThundemck
USEmbasy
Al-Dbabmll
CsmpFrec&m
AhmadiHaPp.
Miliury Hosp.
Al-Jubayl

Al-Jubeyl

Big CT
Big EM
Big DA
Big CF
Big AH
BigMH
Big AJ

605192
605194
605 193
605191
605189
605195
605190
605063

13.6 18.3 16.6 27.6
8.1 16.3 14.9 49.6
3.4 5.6
7.1 19.3

1:; 26.8
22.9

16.7 24.8 11:s 30.5
9.4 8.9 13.5 19.6

i:: 18.1 18.5 t :: 42.3 44.9

2255.3 0.9 <0.3 3.3 1.6 c2.5 c30.0 co.02
1109.9 0.7 co.2 1.2 II.0 <2.5 <30.0 <o&l
246.2 0.4 ~0.2 0.7 1.2 <I.5 <30.0 co.03
103.0 I.1 co*2 1.5 11.0 <2.4 ~30.0 <O.Ol
121.3 1.3 co.2 3.0 16.2 <2.5 c30.0 <o.os
145.5 0.9 co.2 2.6 2.2 c2.5 dO.0 <O.Ol
293.4 0.9 ~0.2 I.6 18.6 c2.5 40.0 co.02
255.9 0.8 co.2 I.8 II.9 c2.5  c30.0 eo.05



TABLE G-Z-2 IDENITFICATION  OF CARTRIDGES COLLECED  IN KUWAIT  ANALYZED FOR WATER
EXlYlZAmABLE  i%XAVAL!ZNT  CHROMLUM

AEHAFU Ihe
Sanvie No. COlkUd AEHA salnpk  Idmifiioll

s=w RI La Group
Won Site Sample No.

2 Nov 1993 crll-1 CampThlIndcak M35128
2 Nov 1993 CT13 CampThluldcEk 605134
2 NW 1993 crl l-2 CampThundanclr 605129
2 Nov 1993 ml-3 Camplll!m~ 605130
2 Nov 1993 CT114 campTbun~ 605131
2 Nov  1993 crl2 CampTbun~ 605133
2NcwlW3 cl-l3 (612) *P- 605136
2 Nov 1993 CIll-5 C-P- 605 132
2 Nov 1993 CT Composiu  (Big Doha) campTllunckrock 605 126
2 Nov 1993 cTl3  (l-2) campnlun~ 605182
2 Nov 1993 ff15 camp mmckmk 605139
2 Nov 1993 a.11 campTllundtrock 605127
2 NW 1993 CT14 campnllm~ 605138
2 NW 1993 aI3 uw campm- 60513s
2Nov1993 c n 3  (2-3) -Pm 605137
2 NW 1993 Spike B CT (Big Doha) campTb4mdaocl; 605140

3 Nov 1993 Spike A Emhasy  Comp us Emba.sy 605 180
3 NW 1993 Embas3y  Camp.  (Big Affj US Embasy 605 167
3 NW 1993 EM1 1 SlJrfzcc  cwp (o-6) .us Embasy 6oS168
3 Nov 1993 EM12 Suhce Composite us Emhasy 6005170
3 Nov 1993 EM13 (04) Composite us Ernharsv 605172
3 Nov 1993 EM13 (6-12 campsite) us Embassy 605173
3 Nov 1993 EM13  (1-2 Compade) us Embasy 6 0 5 1 7 4
3 Nov 1993 EM13  (2-3 Composire) US Embsy 60s 17s
3 Nov 1993 EM14 SurEacc composite us Embassy 605 178
3 NW 1993 EMIL1 sti (o-6) US Embassy 6005169
3 Nov 1993 EMl2-1  sur&c (wq us Embassy 605171
3 Nov 1993 EMlZ1 slxke  (04) us Embassy 605176
3 Nov 1993 EM&2 sluhcc (o-6) us Embasy 6cls1n
3 Nov 1993 EM141 Sk (o-6) us Embassy 605179

4 Nov 1993
4 Nov 1993
4 NW 1993
4 NW 1993

AH Canp.  (Big Almali)
Spike C AH Camp. (Big AH)
AH12 Ahmadi  smf.  camp.
AH13 se Cornposiu

Ahmdi  Hospital
Ahmali  EIospitai
AhrnadiHospiral
Ahmaii  Hospital

605059
6oSM2
KBXO
605061

4 Nov 1993 CF COmposiU  (Big CFJ -Pm 605088
4 Nov 1993 Spike D-CF  Comp. (Big CF) CamPFrecdom 605092
4 Nov 1993 CFl 1 Sufax Composite CamPfreedom 605089
4 Nov 1993 CF12 surfact compasitc CampFreedom 605090
4 NW 1993 CF13 Suifa Composite Camp Frudom 605091

0030-C 4 Nov 1993 MH Composite  (Big MH) Milimy Hospital 60s 149
0031-C 4 Nov 1993 SpiLcE@igMH) Military Hospital 605153
0032-c 4 Nov 1993 MHL  1 Surfax Composite Military  HospitaI 6os150
0033-C 4 Nov 1993 MH12  SurfiKe composile Milimry  Hospital 605151
am-c 4 Nov 1993 MH13  Suhce Composite Military Hospital 6Q5152
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TABLE G-2-3. IDENTmCAnON  OF CARTRIDGES COLIJXED  IN SAUDI ARABIA  ANUYZED  FOR
WATERECIlUffA.B~HucAV-clil%o~

Sampk RI Lee Group
AEHASaiwkWW LoFarion Site Sample No.

0057-C

6Nuv 1993 DADhaho  Compodu  (Big DA)
6Nov 1993 Spike  F-Bin DA Camwsiu
6 NW 1993 DA1 1 Sh Cmnticc
6 NW 1993 DA11 (O-6)  Composite
6 NW 1993 DA11 (612) Comuosiu
6 NW 1993 DA11 (l-2) Composite
6 NW 1993 DA1 1(2-3)  Campasiu
6Nw 1993 DA12 Slrrfarz  Compcaitc
6 NW 1993 DA14 StuWc  Composite
6 Nov 1993 DAIS Sttrfa~ Composite

7Nov1993
7Nav1993
7Nav1993
7NClV1993
7Nov1993
7 N W 1993
7 Nov 1993
7 Nov 1993
7 N W 1993
7Nov1993
7 Nov 1993

8 Nov 1993

AlCom@u(BigAJ)
SpikeG-BigAJ
AJll slrkecomposipE
An2 slnfze  CanpiE
An3 sm compapirc
AJ14 Sudacc  Compxitc
AT14 (o-6)
Al14 (612)
An4 (l-2)
An4 (2-3)
Al15 Surfam  Composite

Ev Alea sur&cc camp.

AI-Jllbayl
Al-J-1
AI-Jutayl
Al-Jubayl
Al-Juhayl
Al-Jubayl
Al-Jubayl
Al-Jubayl
Al-Jubayl
AI-Juhayl
Al-Jubayl

Esbn  Village

605102
605111
605103
6oSlW
60s 105
605106
605107
605108
605109
6Q5110

605073
605083
605075
605076
6OSOT
6005078
605079

60s 143
0058-C 8 NW 1993 ES15  Sufacc  Compasiu EslcanVillage 605144
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TABLE G-24. IDENTIFICATION OF SAND SAMPLES COLLEmD  IN KUWAIT ANALYZED FOR
WATER =ffAELE CHROMIUM

AEHAFti
sample No- AEHA  Sampk Idadidon

sample
Lccation  Siu

RfLCCGmUp
Sample No.

oool-s
CW2-S
am-s
-S
ooos-s
OoodS
Wl7-S
KMl8-S
ooo9-S
0010-S
0011-s
0012-s
an&S
0017-s
WI&S

2 Nov 1993 CTll-1
2Nov 1993 CT13
2 Nov 1993 Crl l-2
2 Nov 1993 txll-3
2 Nov 1993 cr114
2 NW 1993 c n 2
2Nov 1993 cn3 (612)
2 Nov 1993 Crll-s
2 Nov 1993 CT Composiu  (Big Doha)
2 NW 1993 CTl3  (l-2)
2Nov  1993 CrlS
2 Nov 1993 mi
2Nw 1993 m4
2Ncrv1993 cn3 Q-a
2Nov  1993 crl3 (2-3)

Camp- 605114
Camp- 605120
campnl- 605115
C a m p - 605116
- P - 605117
camp- 605119
CampThundmuzk 6OSl22
camp- 6oS118
camp- 6OSll2
CamPThundcrock 605181
canlpnl- 605125
-TIP- 605113
c a m p - 605124
- P - 605121
c a m p - 605123

0014-S
ans-s
0019-s
W2&S
W62-S
CXW-S
0065-S
al67-s
0069-s
0071-s
0072-S
0073-S
007&S

3 Nov 193
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993

Emimsy  Camp. (Big M)
EM1  1 Surfixc  Comp (O-6)
EM12 Sm Composite
EM13 (O-6) Composite
EMU (612 composiu)
EM13 (l-2 Compcsiu)
EM13 (2-3 Composite)
EM14 St&cc Composiu
EM1  1-l sufax (od)
EMl2*1  sl.lr&x (o-6)
EMlE1 surhze (o-6)
EM13-2  S&c (Od)
EMM-1 sltr&c  (CM)

us Embassy 605154
US Embassy 605155
us Embassy 605157
us Emlmsy 605159
us Embas!jy 605160
us Embassy 605161
us Embwy 605162
us Embssy 605165
us Embasy 605156
us Embassy 605158
US Embassy 605163
US Embassy 6OSlM
us Embassy 605166

OMl-s
W23-S
0024-S

4 Nov 1993
4 Nov 1993
4 NW 1993

AH Camp.  (Big Ahmali)
AH12 Ahmadi surf. amp.
AH13  surfxe Gnn~u

Ahmadi Hospid 605056
Ahmiidi  Hospital 605057
Abmdi  Hospital 605058

W2S-S
W27-S
0028-S
W29-S

4 NW 1993
4 Nbv  1993
4 Nov 1993
4 NW 1993

CF Campsite  (Big CFj
cFl1surhzCom@u
CFl2 SlufaEt  composiu
CF13 Surfxc Cornjade

Carno  Frwhn 605084
C-PFreed#n 605085
Camp Frdan 605086
Camp Fr#dom 605087

003&S
0032-S
0033-s

4 NW 1993 MHCompmitt(BigMHl Military  Hospital 60514s
4 Nov 1993 MHll sltr&c compasite Military  Hospital 605146
4 Nov 1993 MH12  surfxe  compositt Military  Hospital 60x47

0034-S 4 Nov 1993 MH13 Surfax Composite Mlirary  Haspiral 605148
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TABLE G-2-5. IDENTIFICATION OF SAND SAMXES  COLLEcIED  IN SAUDI  ARABIA  ANALYZED
FOR WA= EXTRACTABLE  CHROMIUM

AEHA Feld
Sample  No. AEHA Sampk Idalcifii

sample
Locarion  S k

RJLeeGmUp
Sample  No.

OMS-s
0037-s
0038-S
0039-s
WS
0041-s
0042-s
0043-s
CUM-S

aMs-S
ow7-s
WMS-S
004pS
WSGS
OQSI-S
0052-s
0053-s
00%-S
0055-s

0057-s

6 Nov 1993
6 N W 1993
6 Nov 1993
6 Nov 1993
6 Nov 1993
6 N W 1993
6 Nov 1993
6 N W 1993
6 Nov 1993

7 Nov 1993 Al composiu (Big N )
7 Nov 1993 AJ t 1 Surface Compasiu
7 N W 1993 All2 Sufaa Comfxhte
7 Niw 1993 AJ13 surface  coInpsiu
7 N W X993 An4 Surfwcom~ite
7 N W 1993 AJl4 (W
7 N W 1993 Al14 (612)
7 Nov 1993 All4 (l-2)
7 Nov 1993 Ml4 (2-3)
7 Nov 1993 Al15 Smfacc  Compasitc

8 Nov 1993

DA Dhahn Composiu  (Big DA)
DA1  1 Surface Composite
DA11 (O-6) Composite
DA1 l(Gl2)  Composite
DAll (l-2)  Composite
DA11 (2-3) Coqnxiu
DA12  Surbx Composite
DA14  St&a Composiu
DAlSSudace  Composiu

ALJuk~yl
Al-Jubayl
Al-Jubayl
Al-Jutayl
Al-J&#
Al-Jlhyl
Al-J-1
Al-Jubayl
Al-Jubayl
Al-Juhayl

EV Area  Sutfacc  Camp. Esblvii- 605141
0058-S 8 Nov 1993 ES15  Surface Comwsiu Esbn Village ~5142

G - 2 4
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TABLE G-26. WATER-EXl-RAffABLE  TOTAL AND HEXAVALENT  CHROMIUM (Cr-VI) RESULTS
FOR SAND SAMPLES COLLECTED FROM KUWAIT, ppb

AEHAFti RJLtcGmp
~Sarnplc  Nos. Sampk  Nos
(s-w) &dC=+dnt) AEHA  Sample Idcnribtion

cMx1*s/M3o1c 605114/605128 ml-1
MME*S/CMM2C 605120/605134 crl3
ooo3-s/ooo3-C 6OS115/6OS129 all-2
0ooeShXW-C 605116!&0s130 ml-3
am-smsc 60s117/605131 CT114
~S1ooo6c 60s119/605133 crl2
OOM-sm7-C 605122I605136 cr13 (612)
ooo8-SIoo0s-c 6OSl18/6OSl32 CTll-5
ooo9-Sx)(1o9-C 60s112/605126 m Compcxsiu  (Big Doha)
aI1~s/oolo-C 6OS18tbOS182 crl3 (l-2)
cnll-s/0011c 6Qs12S/605139 crl5
0012-sxx112-c 6OS113#IS127 CT11
0016-S10014C 6OS124bOS138 cr14
0017~saI17-C 6OS121E6oS13S CT13  VW
0018-S/W)lSE 605123/6#137 CT13  (2-3)

001~s/IxnbC
OolS-snlo1s-C
0019-s/w19-C
W204W2O-C
0062~s/0062-C
-s/0064-c
0065~s/w6sc
0067-s/0067-C
0069~sm69-c
0071-s/0071-C
W7X3W72-C
W734W73-C
W74-S/UV&C

6OSlN605167
60s155/605168
605157/60s170
605159/605172
605160/605173
605161#05174
60S162/605175
6OS165/605178
6OSlS6i605169
60s158/605171
605163/605176
605iw6min
6oSlw6oSl79

Embassy Camp. (Big Ml
EM1  1 Surf=  Comp (0-6)
EM12 Suxfxc  Composite
EM13  (O-6) Composiu
EM13 (al2 Compmiu)
EM13 (l-2 Composite)
EM13  (2-3 Composite)
EM14 Surface Composite
EMII-I  sltrfxe  (o-6)
EMl2-1  slufzcc (M)
EM13-1  surface (o-6)
-13-2 Smfxe (O-6)
EMU-1  SIxfxc (es)

0021-wan1-C
Oou-QW23-C
W24-SlW2kC

6oso56msos9
60SoS7/605060
6oS0s8/6oSo61

AH Camp.  (Big Ahmadii
AHl2 Abmdi  Surf. Comp.
AH13  Smf&c Composite

W2S-SW2S-C 6oSO84b%5088 CF Cmnposiu  (Big CF)
oM7-shw27-C 605085/605089 CFll Surface Composite
W28-S/W&C 605086/60S090 cFl2  Surhe  Compxiu
0329~sm29-c 605087/eos091 CFl3  SInha complsite

W3CJ-SM3O-C
0032~S10032C
0033~slw33-C

605145/605149
605146/60S150
6051471605151
605148h0SlS2

MH Ccmposilc  (Big MH)
MHll (Suffn composq
MH12  Su&ce Compositt

00~SDX4-C MH13 Surfaa Compositt
l Toml vmtm~⌧maable  chrunium.

c17.9
cl7.9
c17.9
cl7.9
c17.9
cl7.9
cl7.9
cl7.9
c17.9
c17.9
c17.9
c17.9
c17.9
cl7.9
c17.9

cI7.9
c17.9
c17.9
cl7.9
c17.9
cl7.9
c17.9
cl7.9
cl7.9
c17.9
c17.9
cl7.9
cl7.9

cl7.9
cl7.9
cl7.9

cl7.9
cl7.9
cl7.9
c17.9

cl7.9
c17.9
c17.9
cl7.9



TABLE G-Z-7. RESULTS  OF WATER-EXTRACTABLE TOTAL AND HEXAVALEN7  CHROMJJM  (Cr-
VI) ANALYSES ON SAND SAMPLES FROM SAUDI ARABIAq  ppb

AEHAFU RlbGrwp
Sampk  No. Sampk No. AEHA sample Idmtizifarion Totd Cr Cr-VI-

0035-s/w35c
0037-s/0037-c
0038-SbXJ38-C
0039~s/0039-c
MMWW4-C
cwl-S/owl-C
0042-s/0042-C
ow3-s/ucw-C
WGWM4-C

CHMS-s/w4s-c
0047-sllxH7c
aMUUM-C
W4%S/W4W
WSO-S1oo5o-c
oosl-s/ws1c
oos2-sJ0os2-C
oos3-s/oo53c
WSWW54-C
oo5s-s/w55c

OOSFSROS7-C

605102/60s093
60s103/605094
60s104/605095
605105/6050%
605106/605097
605107/605098
605108/60sow
6OSlO9/6OSloO
605110/60s101

60So73/60%%3
605075/605065
6oS07w505~
605anm
ws-
605079/6osix9
6oso74/605w
605080/605070
605081/60s071
60s@w6o5072

605143/60s141
OOSS-S/W58-C 6OS144/6OSl42

l Total  wartrcxuacrabIe  chromium.

DA Dhabran  Composiu  (Big DA)
DA1 1 Surhce  Canpsitc
DA1 1 (O-6) Compositt
DA1 1 (6 12) Compske
DA1 1 (1-2) Campsite
DA1 1(2-3)  Compcsiu
DA12 Surface Canpmitc
DA14  Surfatx  Canposice
DA15  Surface Compwirc

Al Composite (Big Al )
AJll  Suff~C canpiIc
AI12  surfxc canposk
AJt3  slrrt;rpt canpwire
An4 Suffze campasifc
AJl4 m-a
All4 (612)
All4 (l-2)
AI14 (2-3)
A115  surfac.c  compJsiu

Ev’Area  surfixc  colnp.
ES IS Surface Composite

c17.9
cl7.9
cl7.9
c17.9
cl7.9
cl7.9
cl7.9
x17.9
cl7.9

c17.9
cl7.9
<17.9
4 7 . 9
c17.9
c17.9
cI7.9
cl7.9
cl7.9
c17.9

x17.9
c17.9

c5.0
4.0
4 . 0
4 . 0
4 . 0
<5.0
4.0
4.0
4.0

es.0
c5.0
4.0
4 . 0
4 . 0
4 . 0
c5.0
4.0
4 . 0
4 . 0

c5.0
c5.0

G-2 -8



TABLE  G-2-S. RESULTS OF ANALYSIS OF CARTRIDGES FROM SAND SPIKED IN THE FIELD  WI-l-H
HMAVALENT  CHROMIUM (cr-vl)

RILCCGrarp
Sample No. AEHA sample Idallifi

Cr-VI
@VW

Spike LeveI %Spike
bb) Rcovqv

605180 Spike A Embassy Composite 97.3 105.0 926%
605140 SpikcBCTfB~lhb) 855 103.0 83.0%
605062 Spike  C AH Composire.  (Big AHJ 155.7 106.0 146.8%
605092 Spike D CF Commsiu  (Big CF) 180.7 115.0 157.1%
605153 Spike E (sin MH) 108.0 110.0 982%
605111 Spike F Big DA Composite 301.1 209.0 144.1%

a

G-2-9



TAR&E O-2-9. SUMMARY OF CCSEM AERODYNAMIC MASS D!STRIl3UTlON  RESULTS FOR SAND SAMPLES COLLECTED IN 1991,  (WT.%)

AEHA Field RJ Lee Group
Sample No, Dale c0t1ected Sample Localion She

- - - - - - - P a r t i c l e  Size R a n g e  (pm)---------
sempte  No. < 4 4-7.5 7.5-10 to-30 > 30

CF-SA IO May 199t Camp Freedom, Kuwait 601464 4 4 61 25
CP6A 30 May 1991 Camp Freedom, Kuwat~ 6oL465 2 : 7 66 17
DA4A I4 May I9991 At-Dhahan,  Saudi Arabia 601466
DA-IB-7 I2 Sep 1991 Al-Dhalmn,  Saudi Arabia 601467

a : fl 58 26
64 I5

KK4A It3 May 1991 KKMC, Saudi Arabia 601468 18 17 6 54 6

‘I’
“i’
z TABLEG-Z-10.  SUMMARY OF CCSEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR SAND SAMPLES COLLECTED IN 1993, (WT.  %)

AEHA Field RJ Lee Group - - - - - - - -  Parride  S i z e  R a n g e  ( p m )  - - - - - - - - -
Sample No, Date  collecud Sample Location Site Sample No. < 4 4-7.5 7.5-10 IO-30 > 30

Big CT 3 Nov 1993 Camp -Thudcrock,  Kuwait 605192
Big EM 4 Nov 1993 US Embassy, Kuwait 605  I94
Et@ AH 5 Nov 1993 Abmadt  Hospital,  Kuwatt 605189
Big CF 5 Nov 1993 Camp  Freedom, Kuwait 605191
Big MH 5 Nov 1993 Military  Hospital,  Kuwait 605195
Big DA 7 Nov 1993 Khobar, Saudi Arabia 605193
Big Al 8 Nov 1993 Al-Juhyl,  Saudi Arabia 605190

AJ Composite 8 Nov 1993 Al-Jubayl,  Saudi Arabia 605063

3 5
I

:
:
4

i :
2 5
2 3

26

23
3:
60

6158
61



TABLE O-2- I 1, SUMMARY OF CCSEM PARTICLE-TYPE DATA FOR SAND SAMPLES COLLECTED IN 1991

AEHA field RJ tee Grour
Sample No. Collection Date Sample hation Site Sample No.’

CF-5A
CFdA

IO May 1991 Camp Freedom, Kuwait 601464
30 May 1991 Camp Freedom, Kuwait 601465

DA4A I4 May 1991 AI-Dhahn,  Saudi Arabia 601466
DA- IB-7 I2Sep 1991 Al-Dhahran,  Saudl Arabia 601467
KK4A 18 May 1991 KKMC, Saudi Arabia 601468

Sikh and
Mined Clays

w t .  % (iI Pall.)

62 158
I8 60
:i 52

II1
50 168

C-e-rich
W I .  % (#Part.]

C-rich
WI. 46 (#Pall,)

3 42
27 108

9 60
2 16
5 23

c1
TABLE O-2- 12. SUMMARY  OF CCSEM PARTICLE TYPE DATA RESULTS FOR SAND SAMPLES COLLECTED M 1993

AEHA Field RJ Lee Omul
Sample No. Collection Date Sample hcation  Site Sample No.

Big CT 3 Nov 1993 CP Thundcmck,  Kuwait 605192
Big EM 4 Nov 1993 US Embassy, Kuwait 605194
Big AH 5 Nov 1993 Abmadi  Hosp., Kuwait 605189
Big CF 5 Nov 1993 Camp Freedom, Kuwait 605191
Big MH 5 Nov 1993 Military Hosp., Kuwait 605195
Big DA 7 Nov 1993 KboMr, Saudi Arabia 605193
Big AJ 8 Nov 1993 Al-Jubayl, Saudi Arabia 605190

AJ Composite 8 Nov 1993 Atdubayl, Saudi Arabia 605063

Si-rich and
Mixed  Clays

W t .  % (ti Part.1

45 101
30 89
55 105
38 82

60
27

;:
17 35
17 46

Ca-rich C-rich Mkccllaneous
W t .  % (n Pnrl.1 W t .  % (# Part-1 wt. % (n Part.)

50 143

s: 135 69
56 to2
iii 205 83

136
I50

2 84 3 10
6 108 I II
3 161 I 9
5 144 t 8
4 I31 I8
2 76

:
I I

13 161 3 15
2 I33 I 9

Miscellaneous
wt. % (r Part.)

<t 3
15 45
4 9
t 20
2 8



TABLEG-2-13.  IDENTIFICATION OF PM-IO SAMPLES ANALYZED FOR METALS, BROMINE, AND
HExAv.&EN-r  CHROMIUM

AEHAFd
ccizud

PM-10 RJL#GfOUp
!Samplc  No. Sample  Lxarion  Siu Cm (p&3) S~~plt  NO .

5322375 2 2  Mm1991 KimKhdidMilitarvCitv.Saudihabia  9233 604999

5322339 23 May1991 Khobar*saudiArslbia
5322318 2 Jun 1991 lclul%r*saudiAlabia
5208839 19 Jun 1991 Kholmr*saudiArabia
5208619 29 Jul  1991 Ktmbar.  Saudi Axabia

K-27 1 ox 1991 Kholxr, Saudi Arabia
K4 15 et 1991 Kbobar.suJdiArabia

OlH2WASlSD-6 3 Nov 1993 Klubu.saudi&abia
01m/As/sD-7 4 Nov 1993 Kbotmf*saudiA*rbia
01H2mAslsn9 4 Nov 1993 mu3bu.salxliAlabia
0m2/3/mSe11 5 Nov 1993 KhOk,SiUKliArabia
01H2l3/M/sD-13 5 Nov1993 Kllok. saudi Alabia
OlH2/3/WSD-14 6 Nov 1993 Ktulur.saudiArabia
OlH2n/M/SBl6 6 Nov 1993 Kmur,saudiArabia
01H2p/As/sD-17 7 &VI993 Kbbr*saudi&abia
OlH2I3/As/sD-18 7 Nov 1993 la#k,saudiI4mbia
Olm3/M/m-20 7 Nov 1993 Klmbu,sautilbahia

5295163
5207461

5322334
5332661
5208620

5334601
5334638

20 Jun 1991
1 AJlg  1991

23 May1991
7 Jui 1991

29 Jul 1991

20 Jim 1991
26 JWI 1991

EblViiSUldiArabia 6975 m5011
Eskan ViIIage.  Saudi Arabia 1 IS.3 605012

Al-Jukayl.  Saudi Arabia 338.7 605013
Al-Jubayl.  Saudi Arabia 337.9 605016
Al-Jubayi.  Saudi Arabia 175.1 605017

Ahmadi  Hospital. Kuwait 5441
Ahmadi Hospital, Kuwait 191.0

5339627 11 Jun 1991
5339672 13 Jua 1991
5208922 31 Jul 1991
U-18 12 et 1991

x-HacWWsM3 2 Novl993
x-H2rrMsisD-45 3 mv 1993
X-H2CTlASlSD4 3 NW 1993
X-H2tCVM/SD-48 3 NW1993
X-~/s/SD-SO 4 NW1993
x-HacrmslED-52 4 NW1993
X-HZCt/WSD-53 5 Nov 1993
x-HYcrhs/sP5s s Ncwl993
X-H2/cT/As/sD-56 6 NW1993
X-ml-D-58 6 Ml993
X-H2CUAslSDdl 6 Nov 1993
X-~lASlSD41 7 Nov 1993
X-H2lCU4W!=62 7 NW1993

5339613 20 May1991
5248188 17 Juu 1991
5334603 20 Jm 1991

5295191 S Jtm 1991
5295153 17 Jun 1991

US Embassy.  Kuwait 1105.7
us Elnbmsy,  Kuwait 6127
us Embwy,  Kuwait 293.5

Military Hospiral. Kuwait 759.0
Mditary  HospimI,  Kuwait 610.8

433.8
296.6

Et:
211:3
167.0
56.4

25
95.4
30.1
74.8
31.8
562
41.6
66.8

365.7
188.0
272.4
2 3 2 4

i&i
553

ii?:
383
282
375

ii<
40:7
36.4
455

605037
605038
605039
605040
605Wl
605092

605045
605046
605047
605048
6050a9
6oso50
605OSl
605052
605053
605054
605055

60502S
605026
605027

605028
605029

KA-17 1 2  OU 1 9 9 1  Military  HospitaLKuwait 121.6. 605032

G-2 -12



TABLE a-2114. METALS AND BROMINE RESULTS FOR PM-IO SAMPLES COLLECTED IN KUWAtT (ng/r$)

AN-IA Field Daie RI Lee Group Sample
Sample No. COlleCted Sample No. Locelion  S ile v Cr Ni Zn Sr Zr cd As Pb Sb Br+ Hg

5334601 20 Jun 1991 605019 At-Ahmadi 40.5 22.5 24.8 a8.9 62.0 3 . 9  cl.92.7 129.2 19.00  ~0.7 1.2
5334638 2 6  Jun I991 605020 At-Ahmadi 16.3 13.4 IO.4 65.5 84.3 2 . 6  ct.6 2.9 143.0 t5,89 co.6  0.4

5339613 20  May t991 605025  US Embassy 4 6 . 0  7 3 . 0  4 6 . 7  104.9  1 6 8 . 0 8 . 0  <2.0 5.8 168.0 20.49 co.7  0.7
5248188 I7 Jun 1991 605026 US Embassy 32.7 73.9 53.7 82.4 198.3 8 . 6  c2.3 5.7 34.0 22.52 <0.8 0.7
53346133 20  Jun  I991 6O5O27  US Embassy 24.5 25.3 18.5 97.4 110.3 ~3.3 ~3.3 ~3.3 457.1 33.12 ct.1 2.0

5295 191 5  J u n  1991 605028  Military  Hospirat 31.0 70.5 51.0 78.0 162.1 7 . 1  c t . 5 5.9 63.0 t5.00 co.6 0.5
5295 I53 17 J u n  1991 605029  Military  Hospiti 31.6 74.8 49.7 80.7 161.6 6.1  ~2.2 5.8 40.5 22.16 ~0.7 0.8
KA-17 t 2  ckt I991 605032 Military Hospital It.1 8.3 5.1 70.6 28.6 ct.5 ct.5 2.6 753.9 t4,90 ~0.4 I.4

5339627 I t  J u n  1991 6 0 5 0 2 2  Camp’Ibundcrock  2 2 . 8  2 5 . 3  1 8 . 6  9 9 . 0  1 3 3 . 3 4 . 7  ~2.7 3.6 29.6 26.91 ~0.9 0.6
5339672 I3 J u n  1991 605021  CampThundemck  17.1 1 2 . 8 9.1 82.2 103.9 1.9 1.7 2.2 32.5 16.12 co.6  0.8
5208922 31 Jut 1991 605023  CampThundewk  2 0 . 8  3 4 . 1  2 3 . 7  9 5 . 8  1 4 0 . 0 4 . 8  <2.3 3.5 35.5 23.02 to.9 0.7
KA-18 I2 ckt 1991 605024 Camplhunderock 22.2 12.7 10.6 94.9 60.3 ~2.9 e2.9  ~2.9 551.9 28.74 x0.7 0.8

X-H2/CI./AS/SD43 2  Nov 1993 605043  Camplhundemck ~4.9 4 . 6 6 . 2  5 0 . 7 8.4 ~2.4 ~2.4 ~2.4 97.5 <24 x0.9 co.7
X-H2lfllASISD45  3  N o v  1993 6 0 5 0 4 4  Camplhundemck <5.4 7.6 11.7  75.1 20.0 ~2.7 <2.7 ~2.7 30.9 ~27 (I.0 co.8
X-H2/CT/AS/SD46 3  Nov 1993 6 0 5 0 4 5  CampThundemck  <4.9 7.7 IO.4 62.7 20.8 ~2.4 2,6 ~2.4 31 .O ~24 co.9  <0.7
X-H2/CT/AS/SD48 3  N o v  1993 605046  CampThunderock  ~4.7 5.1 7 . 1  4 2 . 2 9.7 ~2.3 ~2.3 ~2.3 24.1 ~23 <0.8 do.7
X-H2/CZ/AS/SD-50  4  N o v  1993 60S047  Camp’Wunderwk 5 . 0 8.11 12.5 66.4 32.1 ~2.3 x2.3 2.3 26.5 ~23 <0,8 co.7
X-H2m/AS/SD-52  4  Nov 1993 605048  CampI’bundemck  ~4.8 6 . 4 6.8 51.4 16.3 ~2.4 <2.4 ~2.4 18.6 ~24 co.9 9~0.7
X-H2/CT/AS/SD-53  5  Nov 1993 605049  CampThundemck  <4.7 4 . 3 4 . 7  4 1 . 6 9.2 <2,4 ~2.4 ~2.4 24.0 ~24  <O.9 <0.7
X-H2/CI’/AS/SD-55  5  N o v  1993 6 0 5 0 5 0  Campllmlemck  ~4.8 5 . 2 7.3 57.9 16.5 e2.4  ~2.4 ~2.4 23.1 ~24 <0.9 <0.7
X-H2/CT/AS/SD-56  6  N o v  1993 605051  CampThundemck  5 . 6 5.1 IO.3 60.2 13.4 <2.5 x2.5 ~2.5 26.1 c 2 5  c o . 9  co.7
X-HmjAS(SD-58 6  Nov 1993 6 0 5 0 5 2  CampThunderock  ~5.1  4 . 1 5.7 46.7 15.0 2.6 ~2.6  e2.6 23.7 ~26 ~0.9 co.8

X-H2/CT/AS/SD-6O  6  N o v  1993 6 0 5 0 5 3  Cnmp’chunctemck  5 . 9  4 . 8 6.0 46.4 16.8 ~2.3 ~2.3 ~2.3 35.7 <23 co.8  40.7
X-H2/CT/AS/SD-61 7  N o v  1993 605054  Camp’t’lwndemck  ~5.7 5 . 5 6.6 78.6 17.4 <2.8 ~2.8 ~2.8 36.2 ~28 ct.0 <0.8
X-H2fljAS/SD-62  7 NW 1993 605055  CampThunderock  ~5.4 4 . 9 6.6 68.4 16.1 <2.7 3.5 ~2.7 52.5 ~27  cl.0 co.8
l Rtsulu for bromine reported as llRhn3



TABLE  O-2. IS.

AEHA Field
Sample No.

METALS AND BROMtNE RESULTS  FOR PM- IO SAMPLES  COLLECTED  IN SAUDI  ARABIA (ngIm3)

RI Lee Omup Sample
cottmr!d Sample No. Ladon She  V Cr Ni Zn Sr 21 Cd h Pb Sb Bf Hg

5322375 2 2  May 1991
5248123 2 6  Jut 1991

5322334 23 May 1991
533266  I 7 Jut 1991
5208620 2 9  J u t  1991

5295163 20  Jun  1991
5207461 I Aug 1991

5322339 23 May 1991
5322318 2  J u n  1991
5208839 I9 J u n  I991
5208619 2 9  Jut 1991

K-27 1 ckt 1991
K-40 I5 ocl 1991

01 H2/3]AS/SD-6 3 Nov 1993
01 H2/3/AS/SD-7 4  N o v  1993
01 H2/3/AS/SD-9 4 Nov 1993
OIH2I3/AS/SD-tl  5 Nov 1993
OtHZ/YAS/SD-13  5 Nov 1993
OtH2/3/AS/SD-14 6 Nov 1993
OtHm/AS/SD-I6  6  N o v  1 9 9 3
OlH2/3/AS/SD-17  7  N o v  1 9 9 3
OtH2j3AS/SD-I8  7 Nov 1993
OlH2/3jAS/SD-20  7  Nov 1 9 9 3

. . ,

604999
605qM

605013
605016
605017

60501  I
605012

605003
605004
605005
6Qsm
605007
605008
605033
605034
605035
605036
605037
60503%
605039
605040
605041
605042

KKMC
KKMC

At-Jubayt
At-Jubayt
At-Jubayt

Eobn Village
Esbn Village

21.8 23.9 41.0 61.4 109.3
7.1 5.2 7.5 40.3 36.0

22.9 30.3 26.8 73.0 96.2
23.9 24.9 24.9 54.9 84.8
IS.1 15.2 12.5 55.8 45.9

35.6 53.3 36.6 95.4 112.0
7.9 12.3 6.7 74.1 29.2

23.6 22.4 36.4 82.5 138.1
28.9 13.4 24.9 133.1 195.3
22.0 26.7 25.4 96.5 993
16.9 13.2 15.6 275.4 76.4
6.9 9.3 8.5 52.6 128.6

10.0 IO.3 IO.2 56.2 72.8
~5.8 5.3 9.2 74.2 Il.1
~6.4 8.2 9.9 96.5 26.3
<5.9 6.1 8.0 79.2 17.1
~6.0 7.6 10.4 75.4 71.6
~5.7 7.8 8.8 58.8 8.3
~6.3 8.4 I I.2 86.9 45.6
(5.5 7.7 9.5 79.3 11.4
~5.8 8.6 12.2 80.3 27.1
4.5 8.6 10.1 82.9 12.6
~6.0 7.9 Il.6 106.0 31.9

7.2 cl.4 3,5 8.5 <I4 co.7 0.6
2.3 t1.t I.5 22.7 <It co.4 I.3

4.5 ct.4 3.4 I Il.2 14.26 ~0.7 0.7
3.5 <I.5 3.1 93.0 14.99 co.3 0.6
3.6 ct.4 2.4 259.1 14.24 co.5 0.8

9.0 <I.6 5.2 136.7
2.9 ct.8 ct.8 42.5

5.4 ct.4 4.7 185.3
3.0 cl.6 2.6 343.9
4.3 c l . 8 3.1 138.9

I
1

I

5.90 co.4 0.6
7.72 co.7 0.8

<I4 <0.5 0.5
cl6 co.8 0.5
7.81 co.9 0.4

3.0 c l . 2 2.2 317.4 Il.93 co.4 1.3
cl.3 ct.3 I.7 56.4 13.43 ~0.6 0.3

1.7 ct.5 2.2 70.2 14.62 co.5 0.2
<2.9 ~2.9 ~2.9 376.9 ~29 ct.0 ~0.9
~3.2 ~3.2 ~3.2 250.8 ~32 <I .2 ~1.0
<2.9 ~2.9 ~2.9 416.4 c29 et.1 ~0.9
<3.0 ~3.0 <3.0 174.8 <30 cl.1 co.9
<2.8 c2.8  ~2.8 299.7 <28 et.0 co.8
<3.1 c3.1 c3.t 337.7 <3t et.1 co.9
~2.8 ~2.8 ~2.8 368.9 ~28 cl .O co.8
<2.9 ~2.9 <2.9 337.6 ~29 <I,0 co.9
x2.7 ~2.7 ~2.7 296.3 ~27 e1.0 0.9
<3.0 ~3.0 <3.0 238.3 ~30 ct. I ~0.9



5339621
5339672
52cB922
U-18

x-H2cr..wsM3
x-H2/cr/lvzDd5
X-WCWWSlM6
XAWCT/fWSM8
x-H2/cT/As/sD-50
x-H2cr/wSb52
x-H2JcThwSPs3
X-HZ~tlWSD-55
X-HZ~/,WSD-56
x-wcrhsm-58
X-HZCT~ASlSD-6O
x-HvxxdSD-61

6osoz
605021
605023

605w3
6osw
6osw5
605046
605047
605048
605049
605050
605051
605052
605053
605054
605055

11 Jun 1991
13 Jun  1991
31 Jul  1991
12 oa 1991
2 Nov 1993
3 Nov 1993
3 Nov 1993
3 Nov 1993
4 Nov 1993
4 Nov 1993
5 Nov 1993
5 Nov 1993
6 Nov 1993
6 Nov 1993
6 Nov 1993
7 Nov 1993
7 Nov 1993

G-2 -15

TABLE G-2-16. RESULTS OF WAm-ExTRAflABLE  TOTAL AND HEXAVAIIKT CHROMIUM
(O-VI)  ANALYSES FOR PM-IO FILTERS COLLE-  IN KUWAIT, n@m3

5334601 6Oso19 20 Jun 1991 Al-Ahnwdi c l . 0 CO.5
5334638 6oso20 26 fun 1991 Al-Ahlnadi co.8 co.4

5339613 605025 20 May1991 us Embassy cl.1 co.5
5248188 605026 17 Jun 1991 us EdJay -4.0 <a.5
5334603 605027 20 Jun 1991 us Emtwy cl .9 co.9

5295191 6Q5023 5 Jun 1991 Milirary  Hospital x2.7 co.4
5295153 605029 17 Jun 1991 Military  Hcspiul Cl.1 <O-6
u-17 605032 12 act 1991 Military Hospital cQ.7 co.4

cl .4 <o-7
co.9 <0.4
Cl2 co.6
cl.6 co.8
cl .3 co.7
cl.4 co.7
<I.3 co.6
cl .3 co.6
cl.2 co.6
cl .3 x0.6
1.3 co.6

cl.3 co.6
cl .3 co.7
cl.4 co.7
cl .3 co.6
cl .5 CO.8
cl .4 co.7



TABLE G:2-17. RESULTS  OF WATER-mCl-ABLE  TOTAL AND HEXAVALENT  CHROMUJM
Q-VT)  ANALYSES FOR PM-10 FILTERS COLLECIED IN SAUDI ARABIA, ng/m3

AEHAFU
Sample No.

luhemoup
SampkNo.  Cork14

-pk
La3.h  Sire TotaICP  cr-VI

5322375
5248123

22 May1991 K.KMC c5.3 co.4
26 Jul  1991 KKMC co.6 go.3

5322334 6Q5o13 23 May1991 Al Jubayl co.8 co.4
5332661 605016 7 JuI 1991 Al Jubayl co.8 <0.4
5208620 605017 29 JuI  1 9 9 1 Al Jubayl CO.8 co.4

5295 163 6oSOll 20 Juu  1991 Esbl vii. CO.8 co.4
5207461 605012 1 -1991 Eskm vii. co.9 eo.5

5322339
5322318
5208839
s2cm619

K-27
K40

01H2f3/AsisD-6
01H2l3/As/sD-7
01H2l3/A!zD-9
OlHZN4S/SD-11
01IQ3ltiBD.13
OlII2/3/AS/SD-14
OlH2t3/AS/SD-16
OlH2i3IASISD-If
OlH2wA!xD-18

605033
605034
605035
605036
605037
Ml5038
605039
6o5wo
6O5041

23 May1991
2 Jun 1991

19 Jun  1991
29 Jtd 1991

1 act 1991
1s et 1991
3 Nov 1993
4 Nov 1993
4 Nov 1993
5 Nbv 1993
5 Nov 1993
6 Nov 1993
6 Nov 1993
7 Nov 1993
7 Nov 1993
7 Nov 1993

co.8 <o-4
~00.8 co.4
eo.9 CO.5
4.6 CO.3
co.7 eo.4
CO.8 co.4
4.0 X0.8

<l-7 co.9
cl.6 co.8
cl.6 co.8
<1.5 co.8
<l-7 CO.8
c l . 5 <0.7
cl.6 co.8
Cl.5 co.7
cl.6 co.8OlIXLNAS/SD-20 605042

l Tad ~CUC chmmium
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TABLE O-2-18. ~DEN~F~CAT~ON  MD RESULTS  ASSOCIATED wt-m wd-~o  SAMPLES SELE~D FOR ~RMAUOPTICAL  ANALYSIS

Location
Dale RJ La Group AEHA Lab PM-IO COW. Organic Carbon Elemental c8rbonale Tolal Carbon

collected Sample No. No. &/m5) (Wm3) &g/m3) Qlg/m3) (vtirn3)
KKMC

Eskan Village
Eskan Village

Al-Jubayl
Al-Jubayl
Al-Jubayl

Ahmadi  Hospital
Ahmadi  Hospital

Camp 'l'hundcrock
Camp lhunderock
CamplIumiierock
Camp Thunderock
Camp ‘Ilwnderock
Camp ‘Ihunderock
Camp ltumderock
Camp ‘Hntnderock
Camplhunderock
Camp Thunderazk

U.S. Embassy
U.S. Embassy

Military Hospilal

26 ~JUl 1991

23 May1991
2 Jun 1991

19 Jun 1991
29 J u l  1991

1 ocl 1991
IS ckt 1991
3 NW 1993
4 Nov 1993
5 NW 1993
5 Nov 1993
6 Nov 1993
7 Nov 1993

20 Jun I991
1 Aug I991

23 May 1991
7 J u l  1991

29 Jul 1 9 9 1

20 Jun 1991
26 Jun 1991

13 Jun 1993
II Jun 1991
31 Jul I9991
I2 cm 1991
3 Nov 1993
3 Nov 1993
4 Nov 1993
5 Nov 1993
5 NW 1993
7 Nov 1993

17 Jun 1991
20 Jun 1991

17 Jun 1991

605002 y8948 loo.8
605003 Y2104 433.6
605004 Y3109 296.6
405005 Y4787 282.6
605006 Y8946 215.6
605007 23051 211.3
605008 23713 167.0
605033 SD-6 56.4
605034 SD-7 57.2
605036 SD-I I 95.4
605037 SD-13 30, I
605038 SD.14 74.8
605041 SD-IS 41.6
605011 Y4769 697.5
605012 Y9826 115.3
605013 Y2lOl 338.7
605016 Y6482 337.9
605017 Y8947 175.1

605019 Y5148 544.1
605020 Y5642 191.0

605O2l Y4401 188.0
605022 Y4469 365.7
605023 Y9llO 272.4
605024 23712 232.4
605044 SD-45 56.2
605045 SD46 55.3
605047 SD-50 61.8
605049 SD-53 28.2
4O5050 SD-55 37.5
405055 SD-62 45.5
605026 Y4397 612.7
605027 YSl50 293.5
605029 Y4395 610.8

2.2 (W
5.6 (I%)
7.3 (2%)

;.; IW

4:6 ;:t;

39.0 (7%)
3.0 (2%)

7.5 (4%)

4.4 03%
4.7 (8%)

5.4 (12%)

9.4 (1%)
13.2 (5%)

8.8 (1%)

I.8 (2%)

6.2 (1%)
30.6 (10%)

K I;tz;
0:9 (cl%)
2.8 (2%)

6 I::{

I:
1:s

ii:;
IW

1.9 (4%)
2.2 (<I%)
4.7 (4%)

II.8 (3%)
29.0 (9%)
14.9 (9%)

198.5 (36%)
7.8 (4%)

32.4 (17%)

'::; ;:z;
53.8 (23%)

3.6 (6%)

2 ;;;
$g ;;I

I:4 (3%)
1.8 (<I%)

50.5 (17%)

1.7 (<I%)

2.0 (2%) 6.0

9.5 (2%) 21.3
5.7 (2%) 43.6
6.1 (2%) 21.9
3.6 (2%) 27.2
3.6 (2%) 8.5
I.1 (1%) IO.1
0.0 (0%) 4.9
1.3 (2%)
4.1 (5%) 2

0.0 (0%)2.1 (3%) 2
0.0 (0%) 6:5
3.2 (~1%) 25.4
0.7 (1%) 13.6

8.8 (3%) 26,9
a . 3  ( 2 % )
2.9 (2%) 22::

5.5 (1%) 243.0
0.0 (0%) IO,8

2.8 (2%) 41.9
7.0 (2%) 27.3
3.5 (1%) 11.3
0 . 0  ( 0 % ) I IO,3
0.0 (0%) 8.0
0.0 (0%)
I . 2  ( 2 % ) :*i
0.0 (0%) 3:7
0.0 (0%) 4.4
0.0 (0%) 6.8

15.8 (3%) 27.0
3.2 (1%) 66.9

17.6 (3%) 28.1
Military Hospital I2 act 1991 605032 23711  121.6 2 6 . 0  (21%) 12.8 (II%) 3.4 (3%) 42.2  (35%)



TABLEG-2-19.  IDENTlFlCATlON  AND OBSERVATIONS OF AS-RECEXVED  HIGH VOLUME PM-10
SA.MPES COLLECIED IN KUWm  AND SAUDI ARABIA - 1991 Sm

AEHAFeld  lhc AEHA RJLceGroup -pie
Sample No. Coikrul Lab No. Sample No. Location  Site Obscnmioll&ommcnr

5339613  2oMay 1 9 9 1  Y2114

5322375 22May 1991 Y2105

5322339 PMay 1991 Y2104

5322334 23 May 1991 Y2101

53z2356  3lMay1991 Y3114

!Z!2318 2 Jun  1991 Y3lW

ma999

605003

605013

us Em-.
Kuwait

KKMC.
Saudi Arabia

Khoba
Saudi Arabia

Al-JubayL
hudihabii

p&y&

Khobar.
satuiiAsabia

- PM-10 conenuatiun:  1105.7 p@rn3
- Two filter (glass-fiber) sections

ruzcivcd on 2i-&t 1993: (1) 7-W x
2-314”.  (2) 7-112”  x 2-W
vaykwyparciclelc0ding
Browdgxay  color

PM-10 concentration: 923.5 urn3
Four filter (glass-fiber) sections
dval  on 21 ou 1993: (1) 7-3/4’  x
2-314”.  (2) -&l/2” x 2-314-a  (3) 2-
l/4” x -l-U!“,  (4) 47 mm circular

~pati&~g
Bmwncolu

PM-10 ~nuatiott:  433.8 pg/m3
The filter (glzs-fiber) sections
received on 21 Ott 1993: (1) 5” x 2-
314”. (2) 4-314”  x 2-3i4”  (with 47 mm
circular secticm  frmov&  (3) &l/4”  x
2-31”
vay hmyplliclc  hding
Tan/brown  color

PM-10 conccntmtion:  338.7 pg/m3
Two filter (glass-f&r)  sections
reeeivd  on 21 Ott 1993: (1) 8” x 2-
3/4”. (2) 8. x 2-7/8” (with a 47 mm
-Imrrvcd)
vayheWyptlick1oading
nwkgraywl~

PM-10 cmmllaati~  109.2 pg/rd
Two f&r (glass-fiber)  sections
Ecival  an 21 et 1993: (1) 7-3W x
3”. (2) 7-3/4” x 3” (with a 47 mm
fide-
Hayparticlclmditlg

- GrayaDlor

- PM-10 ooneenoation:  2%.6 wd
- Two filter (glass-fiber) sections

raeivcd on 21 Ott 1993: (1) 7-3/4”  x
3‘, (2) 7-3/4*  x 2-314’  (with 47 mm
CiIcubratirnrrumvtd)

0-
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TABLEG-2-20.  ID-CATION  AND OBSERVATIONS OF AS-FECEIVED  HIGH VOLUME PM-10
SAMPLES COLECIED  IN KUWAIT  AND SAUDI ARABIA  - 1991 SAMPLES

AEHAFtid  IWe MHA  IUkeGrwp blpk
Sample No. Couated Iab No. Sample No. Location  Site Obscwarions/Comments

5248130 4 Jun 191 Y3105 &I5014

5295191 5 Jun 1991 Y4374 605028

5207481 10 Jun  1991 Y3742 605009

5339627

5243136

11 Jun 1991

11 Jun  1991

Y4469

Y4392

Y44.61

605022

605015

11 Jtm 1991 605018

Al-JubayL  -
SaudiArabia  *

Military Hospital, -
Kuwait -

Eskan  Vi l lage.  -
saudihabia  -

CaKlp-Ihlul~k.  -
Kuwait -

Al-Jubayl.  -
SaudiArabia  -

AhwiiHospiul,  -
Kuwait -

PM-10 coneenuation:  360.7 crp/m3
smell filter (glass-film)  smioIls
reecivalo121  OCt  1993: (1) 3-3/4”  x
1-w. (2) 3-3&”  x l-3/4”,  (3) 2-w
x l-%3-. (4) 2” x l/3/4-. and rhra
47-mm  circular sections
Hmy particle loading
Bkk color

PM-10 concentration: 759.0 Wm3
TWO filter (@as-fiber)  stcfions
dvai al 21 act 193: (1) 7-w x
2-7/8”. (2) 7-W x 2-718”
vayhmylsarticlcloading
Btown  color

PM-10 concennation: 176.1 p&m3
Four filter (gk-fikr)  sections
rtaivai  on 21 Ott 1993: (1) 2-3/4”  x
2”. (2) -3-3/4” x 2” (3) -i--x 2”,
(4) 5” x 2
i&y pnicle  lcding
lhrk pay color

PM-10 concenuation: 365.7 @m3
Two ftlta (g&s-f&r)  sections
receival  on 21 Ott 1993:  (1) 7-3/4”  x
l-7/8”.  (2) 7-3/4”  x l-7/8”
Hmypalticlcloading
BIdCOb

PM-10 m&on: 1855 p&m3
Two 6ltec(glasfik)  sections
rtedved on 21 act 1993: (1) -7-l/4”
x 2-718”.  (2) -1-114’ x 2-7/8-

z~b’-g

PM-10 conannahon : NA
Two  ma (glas-fib)  sections
-iveQ  on 21 Oc2 1993: (I) 7-3/4”  x
l-7/8”.  (2) 7-3/4- x 2”
Hmypstrticlcloading
Bkkcolar
AEHAdawnentstatcsththisis
mt a valid sample.
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TABLE G-2-21.. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-IO
sAMPLEscolJzcxED fN KUWm AND SAUDI ARABIA - 1991  SAMPLES

AEHAFtid  Rue AEfiA  RJLecGroq SZUllPlC
Sample No. Collccd lab No. Sample No. Won Site ObsewaciosWCommmu

5339672 13 Jun  1991 Y4401

5207488 14 Jun  1991 Y4763

52481%8 17 Juo  1991 Y43¶

5295153 17 fun 1991 Y4395

5208839. 19 Jun  1991 Y4787

5295163 2OJun 1991 Y4769

5334601 20 Jun  1991 Y5143

605010

60505

605011

605019

campnundtrrret
Kuwait

Eskan  Village,
saudi  Alabia

us Embwy.
Kuwait

Milky  Hospiral,
Kuwait

Eskan  Village.
saudiA.tabia

Ahmadi  Hospital.
Kuwaii

- PM-IO concenuacio~~~  188.0 pg/m3
- Two filter (glass-fiber) sections

rmeived  on 21 Ott 1993: (1) 7-3to’ x
2-7/X-.  (2) 7-314’  x 2-7/8-

- Hmypticleloacling
- BkkaaIa

- PM-10 concennarion:  955 p&m3
- Two filter (glass-fiber) sections

raxival on 21 Occ 1993: (1) -7-l/2
x 2”. (2) -7-w x l-7/8”

-rbkmc@clel#zcxbg
- mrkpycdor

- PM-10 concaman‘on:  6127 p.&
- Two filter (glass-fiber) sections

received  on 21 oa 1993: (1) 7-l/4” x
3”. (2) 7-l/4’ x 3”

- veryhmyparticieloacling
- Bmwncolcr

- PM-10 cona~tration:  610.8 pg/m3
- Two filter (glass-fiber) sections

meivcd  on 21 act 1993: (1) 7-l/4” x
2-7/W,  (2) 7-W x 2-7/8”

- Vay heavy  panicle tig
- Blrrwncolor

- PM-10 concenuation:  2826 pg/m3
- Two filter (glass-fiber) sections

recived  on 21 occ 1993: (1) 8-w x
3’. (2) g-l/4’  x 3”

- PM-10 mtrafi01~  544.1 p#rn3
- Two f11ter  (glass-fiber) sections

rseived  on 21 oet 1993: (1) 7-3w x
3”. (2) 7-314’  x 3’

- PM-IO -w 6975 pgtd
- Two f i l ter  (glass-Frbtr)  sectioes

meival  ml 21 al 1993: (1) 7-w x
3’. (2) 2-7/8- x 3”

- vayhmyplniclelaading
- Brown&
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TABLE G-2-Z  IDENTIFICATIONS  AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM- 10
SAMPLES COLLECTED IN KUWm AND SAUDI ARABL4  - 1991  SAMPLES

AEHAF&  lhte AEHA  RJLreGroup Sampk
Sample No. CoUened L&No. Sample No. Won Site ObsewationslComment

5334603

53346w

5334638

5322399

5332661

5248123

20 Jun  1991

20 Jun 1991

26 Jun 1991

28 Jun  1991

7 Jull991

26 Jull991

Y5150

Y5151

Y5642

Y5639

Y&82

Y8948

605027

605030

605020

605~1

605016

us Emm, - PM-10 concentmtion:  293.5 Wm3
K u w a i t - Two filter (glass-fiber) sections

rmcived  on 21 on 1993: (1) 7-l/2”  x
l-7/8”, (2) 7-l/2” x l-7/8”

: pwrn-m

Military Hospital, - PM-10 conccnuarion:  NA
Kuwait - Two filter (glass-fiber) section

raeived  on 21 Ott 1993: (1) -7-3/4”
x 3”. (2) 7-314” x 3”

* Hwyparticlcloading
- Bkkcok

Ahmdi Hospital,
Kuwait

Al-Juhyl.
SadArabia

KKMC.
SaudiAdia

- AEHA document sfates that this is
mt a valid sample

- PM-10 concentration: 191.0 p.g/m3
- Four filter (glass-fiber) sections

razeivat  on 21 Ott 1993: (1) 3” x 3”.
(2) 5’ x 2-7/8”. (3) 3-114” x 2-710”.
(4) 5” x 2’

- Eklvypaltickloading
- Darkglay  color

- PM-10 concenttarion:  60.9  Mm3
- Two filter (glass-fiber) sections

received  on 21 act 1993: (1) 7-3/4”  x
3”. (2) 7-5f8”  x 2-7l8”

: .$-&m-w

- PM-10 concentrations  337.9 wrn3
- Two filter (glass-fiber) sections

razived  on 21 Ott 1993: (1) 8” x 3”.
(2)8”  x 2-7/8”

- Haypaiclc~g
- Bkkmlor

- PM-10 concenuation:  100.8 @r?
- Two filter (glass-fikr) sections

reaivcd on 21 act 1993: (1) 7” x 2-
7/8-. (2) 7” x 2-71X”

- Fkwyparriclclmding
- Gmymlor
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TABLEG-2-Z.  IDENTlFICATION  AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMpLEs~~~INKuw~ANDSAuDIARABfA-l991SAMpLEs

AEHAFitld  I~R AEHA RJLeeGmup *pre
Sample No. CotI& Lab No. Sample No. Location  Site Obscrvations/Commenr

5208978 26 JuI  1991

5208619 29 Jull991

5208620  2 9  full991

52089Z 3 1  Jul1991

5207461 1 Ang  1991

K-27 l&t1991

Y8945

Yw-6

YEW

Y9110

Y9826

PO51

605031

605006

605017

Militay Hospita l . - PM-IO caxennatioix  NA
Kuwait - Two filter (glass-fiber) sections

reeivd on 21 act 1993: (1) 8” x 3”.
(2) 8” x 2-3/4’

- AEHA document statts  that this is
rT)t a valid  sample

Khobar.
SaudiArabia

- PM-10 concentarion:  215.6 crp/m3
- Two filter (glass-fiber) sections

rweival  on 21 act 1993: (1) 7-l/2” x
3”. (2) 7-W x 3”

Al-JUtElyL
sadi Arabia

- PM-10 c~naationz  175.1 wrn3
- Two filter (glass-fiber) sections

meivd  on 21 oft 1993: (1) 7-3/4”  x
2-7/8’.  (2) 7-3B* x 2-7/8”  (with  a 1”
=P=misdng)

- Haypirfticlelmding
- Dalkglaycolor

CamP-rhrmderocL.  - PM-10 conannation:  272.4  un/n$

605an

-Kuwait

Es&n Viilage.
SadiAlabia

- Two filter (glass-fiber) sections
received on 21 Ott 1993: (1) 7-W x
3’. (2) 7-W x 3”

1 H=v~;cl-w

- PM-10 uWIOWPBfion:  1153 w&
- Two filter (glass-fiber) sections

rscdved on 21 0x 1993: (1) 7-W x
3’. (2) 7-W x 3’

-Maaelraicle~
-w-

- PM-10 eonantratiom  211.3 j.t&
- Two filter (quam-fiber)  sections

tofeivcd on 21 oa 1993: (1) 3” x 8”.
(2) 3” x 7-l/2” (with a 1” square
missing)

- mvypmicleloading
- Graycolor
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TABLEG-2-X  IDENTlFICATION  AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-IO
SAMPLES  CCMLECIED m ?tJJWAlT  AND SAUDI ARABIA - 1991 SAMPLES

AEH4FAd  IKE AEHA  RJkGroq SIllpIe
Sample No. Collared IA No. Sampk No. Lowrion  Site Obxrvations/Comments

K-18 12 Ott 1991 a712 605024 CampTtiun~k,  - PM-10 concentrauon:  232.4 pp/m3
Kuwait - Tw filter (quarct-fi&rI  =tions

rectival on 21 OCt 1993: (1) 7-3/4*  X
l-7/8’.  (2) 7-3/4’ x l-7/8’  (with a 1”
qwe missing)

- vay heavy  panicle loading
- Blxkcolor

K-17 12 0x 1991 z3711 605032 Military Hospital. - PM-10 concenttation:  121.6 p@m3
Kuwait - TWO fita (quam)  szctions  wived on

21 act 1993: (1) 7-7/Y x 2-7/s”.
(2) 7-7i8” x 3”

: Hw-F$ck-g

K-40 15 act 1991 t3713 605008 mobat. - PM-10 concentration: 167.0 Mum3
saudi Arabia - Two filter (quam-fiber)  xctions

rtctivcd On 21 OCt 1993: (1) 7-l/2”  X
2-314”.  (2) 7-314”  x 3”

* Heavy  paKicle  lc&rlg
- Gray color
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TABLE G-2-25. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECIED  IN KUWArF  AND SAUDI ARABIA - 1993 SAMPLES

AEHAlad
Sample No.

AEHA  RILeGroup sample
Collarred  Elm ID Sample No. Loearion  Site ObscrvationdCommmts

2 Nov 1993 SD-43

3 Nov 1993 S-5

3 Nov 1993 SD46

3 Nov 1993 SD48

3 Nov 1993 SD-6

4 Nov 1993 SD-50

4 Nov 1993 SD-52

605w3 camp The.
Kuwait

605044  campnlhunderoclr;.
Kuwait

605045  camp-
Kuwait

605046  CampTllumwe
Kuwait

605033 Khobr .
salKiiAlabia

605047 canlp-nluadaoelr.
Kuwait

605048 campnlundaoelc.
Kuwait

- PM-10 concentration: 23.8 Wm3
- 12 hr.sunple
- 8” x 10” qrem-fikr falter  refcivcd

on 18 Nov  1993
- LighLparriclthdillg
- Gray color

- PM-10 amctnuation:  562 p&m3
- 12 hr. sample
- 8” x 10” qrtaie-fikr  fdter  nxeived

on 18 Nov 1993
- Light  patwe loading
- Gmydor

- PM-10 concenuation: 553 pg/m3
- 12 hr.sample
- 8’ x 10” q--fiber  fdta teEeivd

on 18 Nov 1993
- Light particle loading
- Gmycolar

- PM-10 conccnuation:  27.8 pg/m3
- 12hr.  sample
- 8” x 10” q--fiber  fitttr  rxeived

on 18 Nov 1993
- Light particle loading
- Gray color

- PM-10 concenuation: 56.4 Wm3
- 12hr.  sample
- 8” x 10” q--fib frltcrtivcd

on 18 Nov 1993
- Lightparticlcloading
- Gmycola

- PM-10 anccnuation:  618 j&m3
- 12 hr*sample
- 8” x 10’ qwuu-fiber  fdta rxcived

on 18 Nov 1993
- ~ghtpcuticle loading
- Gray cola

- PM-10 concenuation: 385 pg/m3
- 12 hr. sample
- 8” x 10” quaa-tibcr  filter raeid

on 18 Nov 1993
- Lightpmiclc  loading
- Gray calm
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TABLEG-2-26  IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
!%hfP= CouCrED Ibi  WM AND SAUDI  ARABlA - 1993 SAMPLES

AE.HAF&
Sample No.

AEHA RJLo~Group Sampk
Collecd E.&ID  Sample  N o .  Location  Site ObsewationdCommcnt

OlH2/3/As/Sls7

01H2l3/As/Sn9 4 Nov 1993 Sf19

x-H2Er/As/sD-53

01w3/AslsD-11

OlH2!!3/asP13

X-H2EUWD-56

4 Nov 1993 SD-7

5 Nov 1993 SD53

5 Nov 1993 SD-11

5 Nov 1993 Se13

6 Nov 1993 SD-56

605034  KIlobar,
SalxIiAIabia

6Q5035  K h o b a r .
SadiAIabii

a5049 campThundu&
Kumit

605050 Camp~Tllhundcrofk.
Kuwait

6 0 5 0 3 6  Khobar.
SadiAlabii

605037  mmiimr.
SawJiAxabii

605051 CampThundaak,
Kuwait

- PM-10 amcenuation:  57.2 b&m3
- 12 hr. ample
- 8” x 10’ qwrdiixr  filrcrreceivd

an 18 Nov 1993
- Light particle kading
- Gtaycolar

* PM-10 conccrmation:  403 @m3
- 12 hr. sample
* 8. x 10” qm-fiba filter received

on 18 Nov 1993
- Lightlzatidcluading
- Graycola

- PM-10 coacenmon:  282 Mm3
- 12 hr.sampk
- S- x 10” quartz-fiber  fdlrer  racival

on 18 Nov 1993
- Light par&k loading
- Gray color

* PM-10 concennaion: 375 clg/m3
- 12 hr.sample
- 8” x 10” quart&&  fdre.r  rxeived

on 18 Nov 1993
- Light particle  loading
- Gray color

* PM-10 concenmation:  95.4 pgfm3
- 12 hr. sample
- 8” x 10” quaru-fiba falter  tectind

on 18 Nov 1993
- LightpartideloEdillg
- Gaycola

- PM-10 wuccnaatiow 30.1 wrn3
- 12 hr. supple
- 8’ x 10” q--fiber  filter mived

on 18 Nov 1993
- Light particle lading
- Gray cola

- PM-10 conccnaation:  345 p.g/m3
- 12 hr*sample
- 8” x 10” qua&W filter tivcd

on 18 Nov 1993
- Light panicle loding
- Gray color
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TABLEG-2-27.  IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLECED  IN KUWM  AND SAUDI ARABIA - 1993 SAMPLES

Sample No. Collxtai Film ID Sample No. Lxarion Site ObsewaticdCommcnts

X-m/AS/SD-58 6 Nov 1993 SD-58

X-H2/cT/As/sDdo 6 Nov 1993 SDdO

OlIQ3/As/SD-14 6 Nov 1993 SD-14

OlHZQ3/As/SD-16 6 Nov 1993 SD-16

X-~/AS/SD41 7 Nov 1993 SD-61

X-~Jk3/sD-62  7Nov 1 9 9 3  SD42

01H2o/ti/sD-17 7 Nov 1993 SD-17

605052 Camplhu&t&,
Kuwait

- PM-10 conccncration  : 35.9 pg/m3
- 12 hr. ample
- 8’ x 10’ quanz-fiber  filter rseived

on 18 Nov  1993
- Light particle latding
- Gmycolor

605053 Camp-nlluldcwk
Kuwait

- PM-10 concentration: 40.7 pg/m3
- 12hr.  sample
- 8’ x 10’ qmm-fiba fdrer received

on 18 Nov 1993
- Light prticle loading
- Gmycola

6 0 5 0 3 8  Khobar,
SadiAmbia

- PM-LO m 74.8 crp/m3
- 12hr.  sampk
- 8” x 10” quardikr  fdtcr racked

on 18 Nov 1993
- Light panicfe loading
- Gray  color

605039 - PM-10 oonccnnabon:  31.8 pg/m3
- 12l-a. ample
- 8’ x 10” quarWiber falter  received

on 18 Nov 1993
- Light panicle loading
- Gray color

605054 campnlundemck.
Kuwit

- PM-10 conccnuation:  36.4 pg/m3
- 12hr.  sample
- 8-x10”quaru*fiberfiltcrraxivd

on 18 Nov 1993
- Lightpmicle lading
- Gaycola

605055’camp -nll=ba  - PM-10
Kuwait

cmtccnuatia  455 pg/m3
- 12 lx. arnpk
- 8’ x l[r q~dikr  fW received

on 18 Nov 1993
- LighLparticlelc&ing
- Gray&a

6tHM.o Kilobar, - PM-10
SaldiArabia

mneenuation:  562 pg/rnJ
- 12 hr. sample
- 8" x 10” qrrara-fiba  filta rxeived

on 18 Nov 1993
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TABLEG-2-28.  IDENTIFICATION AND OBSERVATlONS  OF AS-RECEIVED HIGH VOLUME PM-10
SAhiP~  m=cIED m Kuwm AND SAUD1  A&t.BlA - 1993 SAbfPL.E$

AEHAKeld
Sample No.

IhE AEHA RJLazGmup S=Pk
Colleetcd  FdirerlD  Sample No. Won Site ObscwarionslCommenr

01H2/3/tiIsD-18  7 Nov 1993 SD-18 6 0 5 0 4 1  Kbokr. - PM-IO conceation:  41.6 j.@m3
saldiArabia - 12 ht. EarnpIe

- 8’ x 10’ q--fiber  filrcr received
on 18 Nov 1993

- Lghtp0Kiclehading
- Gray color

OlH2i3J,U~D-20 9 Nov 1993 SD-20 605042 &$=y& - PM-IO concenuacion:  66.8 &n3
- 12 hr.sample
- 8’ x 10” quaru-fikr filter rseived

on 18 Nov 1993
- Light  partide loading
- Graycolcr
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TABLB  u-2*2!x SuMbURY  CW ~SEhdfll%l ABRODYNAMC  MASS DISTRIBUnUN  RBSULTS  FOR PM-IO SAMPLES CO- AT
KHOBAR,  SAuDl  ARABIA (WT.  0)

23

1:
29
1:
:

:
4
7

May 1991
Jun 1991
Jum 1991
Jul l!?!N
I)a 19991
&I t991

E :z
Nov 1993
b 1993
Nov 1993
Nov 1993

605001 433.8 11
:z 296.6 282.6 Ii

ZEE 211.3 213.6 if

6011008 I67.0 IX
mu33 S6.4 s
6oso34 57.2 10

bmo36 95.4bomm 30.1 :s

tiO5K+8 74.8bosM1 41.6 t

5339627
5339672
11208922

K-18
X4f2AwMD-45

X-H!&CMS/?3DJS i Nav 1 9 9 3
7 Nou  1993

am 365.7
ima?~ lml

605023 272A
603324 232.4
ZzG 56.2

5J.3
bosM7 61.8
as049
bom90 z:
bosoo95 4515

:i ::
if 31

14
14

:: 3: 24
15 17

I’: ::



TABLE G-2-31. SlJmWtY OF CCSEhf!lEM  PARTICLE-TYPE DATA WR PM.10 SAblPUS COLLWTEJI  AT KHOBAt4,  SAUDI ARABIA

AEH.4  Fitld JUI&ChWp
sample  No. IxateCm  Samde Na

53z339
2: ~‘I?~

6om3

33223195208839 19 Jua 1W ZEzz

mBb19 29 Jul 1991
f% 15 1 oc4  aa 1991  1991

ZE

OlW/AsIsD-6 3 uov I!?93 Ez
OIHYJIASISD-‘I 4 Nov 1993 WOW
OlHZ/JICLSISD-II 5 Nov 1993 6OSO36
OlW3/ALWD-I3 5 Nov 1993 605037
OIHSt3JAS/SD-14 6 Nov 1993 605038
OlJlS/3/AMD-18 7 Nov 1993 4Om1

Si-rich ant
Mad clay

Wt.% (WPEml

49 120
26 53
46 96
29 82
48 93

:‘: 131 126
30 75

:: I5 64
19 39
20 64

c&Id
Wt.% (HPan)

48 123
47 77
ii 95

47 1;
33 7s
I8 67

72 172 133
20
70 1::
26 84

1: ::
6 50

LO 60
3 19
5 40

18 2%

: ::
21 75

3 9
38 29

: 48 IO

13 32:
<l 19

: 19 17
2
: 26 1:

S 28
9 32

WL % (#Part.)

.!a
tL

I
N
\D

TABLB O-2-32. StJMMARY  OFOCSmM  PARTIUE-TYPE  DATA POR PM-10 SAMPLES  COLLECTED ATCAMPTHU?tDEROCK,  KUWAJT

AEHA Field
Sample No. JhlBcMkctd

J339627
S33%72 :: El I’z: CiE
5203922

K-I8 E ‘& z Ez
K-MCT/A!3/SR45 3 Nov1993 605044
x4ixlwmD-46 3 Nov 1993 6OSO45

x-~)AslsD-50 4 Nov1993X-Hm/AS/SD-53 5 Nov 1993 tE;
X-HS-CT~AS~D-55 5 Nov 1993 bQ5OSO
X-H?,Cf”AS/SM2 7 Nov 1993 605055

si-rich ad
Mixedctays

Wt.% C#ht~

f7’ 103 83
43 116
:: 149 47

54 I23
s2
34 fr2

:8 1lB 116

chkb
wt.96  (aL?arLk

3: 112 82
47 97

1317 2
:: 81 77

J4 79

3’: 102 98 I
C-rich

W t . %  IYPafq

If 525’
6 42

244 ::
8 17

2: 3:
7 13

12 25

3
8 ; :

7
7

4 6 3
35 149 I!

6 2%
:

8
b 22 4 12

i 38 28 2 1:

2 46 2 5 ii



TABLEG-2-33. SUMMARY OF CCSEWTEM CARBON CHAIN AGGLOMERATE DATA FOR PM-IO
SAMPLE!5  COLLECED AT KHOBAR.  SAUDI AR4BlA

AEHAFocld
sampk*.

s3322339
532018
5208839

5208619K-n
K40

Date-

23 May 1991
2 Jun 1991

19 Jtm 1991

29 Jd 19911 et 1991
15 oa 1991

PM- 10 corn..
M/m3

433.8
296.6
282.6

215.62113
167.0

Cadmn  Chain A&omcmta
w/m3 5

1.02:;”
6.9
1.9

i-t0:s ii:;
2 2 13

01m/&3D-6 3 Nov 1993 0.9Olm3i4a/sD-7 4 Nov 1993 1.3 i-t
01HmdwSD-I1 5 Nov 1993 95.4 1.2 lb
OlHv3/Asm-13 5 Nov 1993 30.1

i:;
10.1

OlH2mAs/sD-14 6 Nov 1993 74.8 6.9
01H25/AstsD-18 7 Nov 1993 41.6 4.5 10.8

TABLE G-2-34. SUMMARY OF ~EMfTEM  CARBON CHAIN  AGGLOMERATE DATA FOR PM-10
SAMPLES COLLECIED AT CAMP THUNDEROCK.  KIJWm

AJZHAFd
Sample No. DatecoIktul

PM-IO Cone.
I.l&l3

Carbon  Chain Ag@omciam
&n3 ‘96

5339627 11 Jun 1991 365.7 13.9 3.8
S33%72 13 Jua 1991 188.0 20.7 11.0
52089z 31 Jua 1991
K-18 I 2  oa 1 9 9 1

x-m/u/sD-rls 3 Nov 1993 562 5.1 9.0
X-H2CShWSD4-6 3 Nov 1993 553 4.9 8.8
X-EEICUMISD-50 4 Nov 1993 61% 3.0 4.9
X-HZKVAS/SBS3 5 Nov 1993 2.3
x-IEzIcTIAstsnss 5 Nov 1993 2; 5:
X-~/As/SD-62 7 Nov 1993 7i
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TABLE G-2-35.

AEHA Field
Sample No.

METALS AND BROMINE RESULTS FOR lNDUSTRIAL  HYGlENE SAMPLES, pg/filler

Sal@ AEHA
Location Sire

IU Lee Group
Lab No. Sample No. V Cr Ni Zn Sr ZI cd As Pb Sb Br

I30-04 Khobar,  Saudi Atabla
130-10 Khuhr, Saudi Arabia

Tl34:20 Camp Freedom,  Kuwait
135-07 Field Blank

TI 36-04 Camp Freedom, Kuwait
137-11 Military Hospiia!,  Kuwail

Tl40-05 Burgan  Oil field, Kuwait
140-11 Bwgan  Oil Field, Kuwdc

OF/l%/3  I Field Blank

Yl109
Ylll2

NA
NA
NA

Yl036
NA

Yl837
2539 I

601456 <0.26 0.73 eb.36 0.46 co.26 co.39 ~0.0
603679 co.30 0.67 <0.42 0.64 co.30 co.45 <O.O
601426 co.24 0.38 co.33 0.52 <0.24 co.35 co.0
601429 x0.40 0.60 <On57 0.29 co.40 co.61 co.0
601430 <O.lS 0 . 4 0  <0.21 0s co.15 x0.22  co.0
601460 <0.37 0.76 <OS2 0.46 co.37 co.56 co.0
601435 <0.20 0.41 <0.28 0,26 co.20 co.30 <O.O
603693 <0.25 0.61 ~0.3s 0.62 co.25 co.38 ~0.0
603707 to.28 0.52 co.39 0.38 <0.28 x0.42 ~0.0

co.26 7 . 5  cl.0 ~23
c o . 3 0  co.12 c l . 2 c3l
: <0.24 0.1 I <0.94 <I9

x0.40 <O.l6 cl.6 <20
x0.15 0 . 2 5  <0.59  <I5

co.37 0 . 3 1  <I#5 <3l
! t o . 2 0  0 . 0 9  <O.BO <I2
i co.25 <on10  cl.0 c2fl
i ~0.28 0 . 1 1  cl.1 <I4



TABLE G-2-36. MERCURY  RESULTS FOR INDUS7RIAL  HYGIENE  SAMPLES.  ~.@fil~r

AEHAF& FW
Sample  N o .  Tm

sample
DZUCCdleaed Lclwtim  Site

RJkGrwp
Sample No.

nn-11 PVC 7 May 1991 KtmlxK.saudiAi3bia 603745
R133-17 PVC 13 May 1991 Camp Freedom. Kuwait 60142s
n33-18 PVC 13 May 1991 Camp Fredam.  Kuwait 601406
RI34.21 PVC 14 May 1991
R13603

CampFWbl.KUWit 601427
PVC 16 May 1991 601408

n39-11
CampFtudan. Kuwait

PVC 19 May 1991 amp fUs Kuwait 601410
RlS2-07 PVC 1 Jun 1991 603n2
RlS74M

Al-Jubayl.  Saudi Arabia
PVC 6 Juu 1991 603783

R31347
Bqm Oil Field, Kuwit

F31408 GF
NA 603878
NA E HI3876

NA NA NA N A Rgt Blk
l GF Glass Elba: TEF Teflon: PVC Polyvinyl &xi&

HS

al.030
4.040
4M40

Z:E

ZEz
&MO
CO.020
Co.020
4.010
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TABLE G-2-37. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COUECEDON  25 MM MCE  FILTERS IN KUWAIT  AND SAUDI ARABIA

AEHAl=ldd  Dgt AEHA  RJLa Sample
Sample  N o .  CoJJaml  L&No. Gmp Laation  Site 0bzmmi0~ommenrs

Sample No.

130-01 10 May 1991 Y1107 01450 Khobar,  -
(sevr) Saudi  Arabia

*

130-03  lOMay  1 9 9 1  Y1108 60145s
GEM)

F& -

-

13M)Q 10 May 1991 Y1109 601456 Khobar,  -
GEM) sadi Arabia

*

1Mw 10 May 1991 YlllO 6om
(SEM) Ey -

*

lu109 10 May 1991 Yllll 6014s7

%!2

p&-y -

*

AEHA nom that container broken in
shipping
Appmximately  l/4 of the film meived
in aptas&  petri dish on 2 Ott 1991
Appximady  1~2 of the filter revived
ia tk sample collection csseue  on
I2 NW 1992
Appmximtedly l/4 of the filrer  received
inaplasticpcuid.ishon19Ds1991
Light tan color
Mabate ptick loading; most panicles
agglomaared

Approximately l/2 of the fiter refcivai
inaplasticpeaid&hon20~1991
Appmximdy  l/? of the fitter received
in rk sample -co11Kti0n  casseae  on
12 Nov 1992
Tan wIa
va-y heavy prick loading; most
parcidcragglornerated

Approximately  l/;! of the filter received
inaplasticpeaidishon20~1991
Approximately  l/2 of the  fiter rseived
in tk sample collection sue on
12 Nov 1992
Tan cola
Fmgcrpiints  at edge of filter
Vay hcwy  particle loading: most
panickaggloltmtcd

AEHA  now that sample cassette not
chd cotnpkrely
Appmimaoely  718  of the ffitcr  received
in the sample collation casctrc on
12 Nov 1992
TadCX
Hwypanicleloading

Approximately  l/2 of the fdm received
inapksricpcttidishon20DCE1991
Appmximiuely  l/8 of rbt filter received
in the sample collection casseuc on
12 NW 1992
Light tan cola
Mdaate to heavy  particle loading. some
parcielts  agglomaatcd
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TABLEG-2-38.  IDENTIFICAT’ION  AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM MCE FILTERS IN KUWAlT AND SALIDI  ARABIA

AEHAFdd m AEHA FULeeGroup -wk
SampkNo.  CoWted  Lab N o .  Sample  N o . Lsuion Site Observadon&3mments

130-10 1 0  M a y  1 9 9 1  Y1112 603679(SEM)  Khobar. - FteIdBIank
sadi Atabia - Theent&f~rcccivecinthesample

Wlleffiotl~ on 12 Nov 19%!
- WIiuwlor
- NopaniEiEs-

1 3 3 0 1  1 3  M a y  1 9 9 1  Y1621  6alzo  (SEM) C a m p - . - Agpmximatdy  1ti of the  fdttr rseived
601451 (SEMI KUWSK inapiasticperidishon221991

35493 mEMl - Appmhakly  l/3 of the filter  scivai
inaplasicpetridishon19Dcc1991
@rididlreceival~

- Approximarcly  l/8 of tk fdur raccived
in the  -pk collection cset& on
12 Nov 1992

* Gmycidm
- Light~mmodcratE~k~g

133M 13 May 1991 Y1622  603681 (SEMJ  Camp FW. - approximarcly  l/4 ofthe fdtcrm&vd
35551 (EM-) Kuwait inapla&peuidishon2Oct  1991

- ApploxMarcly  l/4 of the falter rseeivcd
in tk sampk  collection  casseue on
12 Nov 1992

- Lightgmy  color
- GoaIparrickbding

133-13 13 May 1991 Y1623  6007S2  (SEMI  CampFrccdom. - Approximately  114 of the filter  received
al452  (SEM) Kuwait
35&s (l-EM)

inapks4.icpeaidishon2Oct1991
- Approximately  l/4 of the falter  received

35552  (EM-) inapksticpetidishon19Dec  1991
- Appmxhuely  l/8 of the fib received

inrhesrnpkcolMion-on
12 Nov 1992

1 3 3 - 1 4  1 3  M a y  1991  Y1624  601458  (SEM) C a m p  Free&m.  - @ - JyI/3oftbefrtcfrccEivcd
3m2 (IEM) Kuwait inapksticpcuidishon2ODec1991

Appraximaocly  l/l of the fdti reaivcd
intlresempkcolkctioncascueon
12 Nov 1992

- Gayda
-Mak3upmickIoi3aing

134-12  14 May 1991 Y1833 603684 (SEM) CampFteabtn. - &qwimad y lf4ofthefilrcrlvxival
35553 (IEM) KUWilit inp&4icpEcridisbon2Oct1991

* Apptchmly  l/a of the ~iloalweived
intteampkcolkaioncasaeon
12 NW 1992

- Graycob
- Hcwypartiekloading
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TABLE G-2-39. IDEN-l-Il=ICATION  AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECIED  ON 25 MM ME FlLTERS  IN KUWAIT  AND SAUDI ARABIA

AEHAFicld I)ap: A E H A  RJLctGroup sample
Sample  N o .  CoDaned Lab No. Sampk No. Lcation Site Obstrvations/Commtnts

13W3 1 4  M a y  1 9 9 1  Y1834  6 0 3 6 8 5  (SEMI  CampFreedom,  - Approximately 112 of the filter aived
Kuwait in the ample  colloxion cdssettc  on

12 Nov 1992
- Blackcola
- Heavy parcick  loading

1 3 4 - 1 9  1 4  M a y  1 9 9 1  71625  600754  (SEMJ CampFreedom,  - FieldBlank
35700  CrEMJ KuwaiI  f Apptoxirnady l/4 of the filrer  wived

in plastic petri dish on 2 Ott 1991
- Whitecola
- No pardclts  observed

137-10 17 May 1991 Y183S  601459 (SEM) Military Hospital, - Approxinaauly  l/2 of the filter received
Kuwait inaplasticpetridishon20Dsc1991

* Appmimauly  l/2 of the filter ruxived
in the sample coWxion edsrctte  on
12 Nov 1992

- Tancolor
- Fingerprint at &ge of filter
- Vay heavy partick  loading. most

pticlts agglomaaud

137-l 1 17 May  1991 Y1836  601460  (SEM) Military Hospital, - Approximately 112 of the filter received
Kuwait in a pIastic  petri dish on 20 Dee  1991

- Approximately 112 of the filter raeeived
in the sample  collection cassette on
12 Nov 1992

- Tan color
- Very  heavy particle loading; many
-1es agglomelated

139a 19 May 1991 Y1983  603689 (SEMI  CampThrmderodc,  - Approximately 3/4 of the filterreccived
&wait in the sample  collaion  msscttc on

12 Nov 1992
- Lighttancola
- Lightparcicleloatiing

13w 19 May 1991 Y1984 603690  (SEM) Cullpz-l%  - +ql&Muly25  ofthefiltartceived
m the sample cdlmiion casscae on
12 Nov 1992

- Light gray color
- Mdaau  to hay panicle loading

139-10 19 May 1991 Y1985 603691 (SEM) CampThm - FIcldBlank
Kuwait - Appximately  3h of the f&a rweived

in the sample collection cassette  on
12 Nov 1992

- whiucola
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TABLEG-24. IDfZNTIFICATION  AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECED ON 25 Mhi MCE FILTERS  IN KUWAlT  AND SAUDI  ARABIA

AEHAF&  Das: AEHA WLecGroup -Pk
SampkNo.  Co- LabNo.  Sample  N o . taarion  Site ObsavationsCommenrs

139-16 19 May 1991 Y1986  603692 (SW Campl’ltundaock.  - Fteld  Blattk
Kuwait - Appoximaly  3/4 of the fie wived

in the sample coilexion  easseue  on
12 NW 1992

- Whitecola
- Filter slightly tom
- NopatichobsmaJ

MO-11 20 May 1991 Y1837 6oMSS  (SEMI Burgan Oil Field. - w
a693 GEM)

y li4 of the f* received
Kuwait

35554  CTEMJ
inaplasicpeaidishon2Oct1991

- Appmxhauiy  3/4 of the filter ratived
in the sample collection easatte  on
12 Nov 1992

- Lightblackcolor
- Fmppiintokmedonfilrcrstuface
- Vaybvyparridebiing

l-12 20 May 1991 Yl838 600756(SEM)  BurganOii  Field.
6036W  (SW

- Appro*ly  l/4 of the filter received
Kuwait inaplasticpeuidishon2Oct  1991

- Appmximau~y  l/S of the fiter received
in the sample collection ~tte on
12 Nov 1992

- Blafk color. SMne par&l=  lost
- Fmguprint  obswed on filter suface
- Vefy lwwy @cle bding

14245  20 May 1991 Y1839 60369s  (SEMj  Not A v a i l a b l e - l%idBlank
- Approximately 112  of the filter teceived

in the sample  collection Wtte on
12 Nov 1992

- whiucoia

142a 22 M a y  1 9 9 1  Y1840  6 0 1 4 6 1  (SEM)  NotAv$&& - l?eMBknk
* Approxlmarcry  112 of the filttr tived

inaphstic~dishon20Dee  1991
- Appximaely  112ofthe~reedved

in the smpk coIl~r.ion  arseette  on
12 Nov 1992

- wlliucola

149M 29 May 1991 Y3069  601446(SEM) Dammon Poe
35491 C-EM) SaluliAlahia

- App~~ximateIy  l/3 of the iilfcr received
inapla&pea5dishon19Dec1991

- Apprmmwly  l/g of the frlterrefeived
in the mmpk  collection wtte on
12 Nov 1992

- GraycoIa
- Mahteparriekloading
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TABLE G-241. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECED  ON 25 MM MCE FLLsTlXj  IN KUWAIT  AND SAUDI ARABIA

AEHAF&  M AEHA  RJLaGroup -Pk
SampkNo.  Colkml  labNo. SampkNo. Location  site Obswations/Comments

152-17

152-18

152-33

153*

1  Jun  1 9 9 1  Y3070 601447(SEM)

1  J u n  191 Y3071 601448(SEM)

1 Jun  1991 Y3072  601462(SEM)
35494 (EM)

2 Jun 1991 Y3073  60149(SEM)

Al-JubayL
SaudiArabia

Al-Jubayl,
saudiAtabia

Al-Jubayl,
Saudi Arabia

Al-Jubayl,
Saudi Arabia

* Appoximauly  l/3 of the 6lttr  wived
inaplasticpettidishon19Dec199I

- Approximately 2/5 of the  frlrcr  racived
in the sample  cohxion  wttc on
12 Nov 1992

- Very light gray cola
- Hewy pardck  loading.  most parrich

- Approximately l/4 of the filter  received
inapbicpctridishon  19&c 1991

- Approximately 2/3 of the filter received
in the sample  collection cassette  on
12 Nov 1992

- Approximately  l/3 of the filter received
inaplasricpcuidishon20Da1991

- Appnximately  l/S of the filter wived
in the sample collation ixscttc on
12 Nov 1992

- Very tight gray cola
- Modsarc@ck1a&i.ng,

- FieldBlank
- Approximately l/3 of the filter rczeivcd

in a plastic pcui dish on 19 Dee 1991
- Apptuximafely  l/3 of the filter received

in the sample collation cassette on
12 Nov 1992

- Whiucda
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TABLE G-242. S-Y OF CCSEhyrehl  AEBODYMhUC  MASS DISTBJBUTJON  RESULTS FOB INDUSTRJAL  wYG[ENe  SAMPLES
caLEcreDONhiCEFILTER!3lNKUW.UTWT.%)

TABLE  u-24 3-Y OF CCSEmU  AEBODYKAMIC  MASS DlSTMBUTlON  RJWJLTS WR MDUSTBLAL  HYOIENE  SAMPLES
COLUXTEDON  MCEFlUER% th’ SAUDI ARABIA W’. S)

1xKa 10hcly1991 601457p  5699 32 28 16 24 -
14903 29 May 1991 DmmmFort 601w1491 35 12 -
152-33 1 Jw 1991 Al Jabayl 6ol462435494

::
50

::
9 -



TABLE O-244. SuMMARY  OF CCSEM/IEM PARTICLE-TYPE DATA FOR INDUSllWd.  HYOIfWE  SAMPLES  COLLECTED ON WE

AEmRdd IUlecGmp
sMlole  Na mccdkclcd Sample Lxatioo  She Smlde No.

13341 13 May 1991 6014551/3s4!u
133u2 13 May 1991

EzE$zE
mnSlP555i

133-13 13 May 1991 camp hodoln 601452w95
133-14 13 May 1991 601458p5492
134-12 14 May 1991

EiiszE
603684/35553

Milcdchys
WI.46 8Fm.

::
120
138

31 101
31 105
44 134

Cdch
Wl.R #Rut.

1
1;

:
47

41 54
I2 57

: f

: 1’9
2 8

c
N

1
W
W

TABLE  O-245. s-y OF CCSBMfl’EM  PARTICLE-TYPE DATA FOR WDUSTRIAL  HYOIENE  SAMFLES  COLLEClED  ON MCE
JWJERS  IN SAUDI ARABlA

AMA FuAd RJhcGrmp
SampIe  No. wtecMlmul sandt  &cstim flirt Sample No.

13009 10 May 1991 60 1457psm
14943 -port 60144tgs491
152-33 AI-JPbWl 601462/3~94



TABLE G-246. ID-CATION  AND OBSERVATIONS OF AS-RECEIVED INJXJSl’RIAL  HYGIENE
SAbiF’~  coLI&m  ON 37 MM PVC FILTERS  IN KUWAlT AND SAUDI  Ah%&4

AEHAF&d  &EC RJkGmp SiUIlpk
Sample  No. colkial Sample No. Location Site Obscma.iollsnlllrrtcnr

127Q8

R127-10

TI27-11

T127-12

R130-05

ll30-08

R133-05

7May91

7May91

fMay91

7May91

10 May 91

10 May 91

13 May 91

600763  (SEM) Not Available

6 0 3 7 6 7  (SEM)  Khobar,
SauliAIabia

60374S(sEM) Z&

603755(SEMj Khobar.
salxliArabia

603768(sEM) &bar,
salldi Arab ia

603761(SEMJ F&

6lM758 GEM) Camp Mm.
Kuwait

- l%ldBlank
- Entire fdtcr rcccivcd in rhe skmple collaion

cuzueon2OEtl991
- wllitcmior

- RqirabkFraction
- ApproximattlylL?ofthcfilrtrrsdvedintht

pampkdectioncassw on 12 Nov 1992
- Light  glay alor
- Iighttomtxkmtc~kloading

- TotalFrstia~
w ~yl/2oftbcEIilDerrcceivcdinthc

sample  wwon  casate on12Nov1992
- Light  gray co lor
- very  knfy Qmick  l o a d i n g

- TotalFractiu~
- AppmximateIy  3/4 of the filter nccivcd in be

sample  colkction cassue on 12 Nov 1992
- Lightgmycolor
- Malaarcpaaicleloadingwirhhigh

conealualion  in ceIlterof  fdccr

- RcspbabkFarion
- Appmximatciy  3/4 of the filter neeivcd in the

sample  mlkcfion m on 12 Nov 1992
- off-white to vuy lighr  pay color
* Lightprtkkloadhg

- T o t a l -
- Approximatciy1Rofthefil~errcccivcdinrht

sampkahctionasatcon12Novt992:Ian

- TanarycUowdqc&ian.inccnproffrlrcr
* u-disui-

- RtspirableFraetioa
- Entire Bher rcotival  in sample CollteriOn

EassEacoll2Oct1991
- Ligl!u  glay  dor
* I&iltpanifklc&ing

G - 2 - 4 0
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TABLEG-2-i7. IDEN’TFICAl7ON  AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPB  COLLEcfED  ON 37 MM PVC FILTERS M KuWAl’T  AND SAUDI ARABIA

AEHAFld hte
Sample No. colktd

RJLeeGfOUp SMlplt
Sample No. Lowtion Site ObseivationKommena

T133-N

R133-17

Tl33-18

R134-03

RI3407

R13eOS

RUG16

uMay91 603775  (SEMJ  Camp Freedom. - TotalFmctioo
Kuwait - En&e filter rcxived  in rhe ample  collection

13 May 91 601425 (SEW Camp F&m,
KUti

13. May 91 601406 (SEM)  Camp Frudom,
Kllwait

14 May 91 600759 (SEM)  Camp F&m.
KLlwait

- Respirable Frzuxion
- Entire filter re&ved  in sunple collection

asseac  on 2 Ott 1991
- DarLglaywlor
- Mdemc to heavy panicle loading of fine

(c25p.m)  prticks:  many agglomeratfd
pmickobsmal

14 May 91 600760  (SIX)  Camp Freedom,
Kuwit

14 May91 603766  GEM) EOD
safehold.ing.

Kuwait

14 May 91 603m  (SEMI  Camp Mm,
Kuwait

osseac on 12 Nov 1992
- Lighttanwlar
- I-kavypartideloading

- kspimblc  Fraction
- Approximately l/2 of rhe filter received in a

plztic  petri dish on 19 DK 1991
- Approximately 1~2 of the fdlttr received  in the

sample all&xion casseue on 12Nov 1992
- Lightglaycolor
* vuy light pmick  loading

- TotaIFxauion
- Approximately  I/2 of the ftiter received in a

plastic pcai dish on 18 Dez  1991
- Approximately IL! of the filter received in the

sample collcetion  cassufc on 12Nov 1992
- Lightpy color
- Light panick  loadiig

- TotalFrauion
- Entice  filter wived in sample collec&n

~oIl2Oct1991

- RqirabkFr;lerioa
- Approximately 3/4 of the filter received  in the

sampk colkction  ossetre on 12 Nov 1992
- Lghtgraycolor
- I&httomakfwepar&lclaading

- Rtspi*lbkFxtion
- Entire frltcrreetived  in rht Sample  cull&on
wac on 12 Nov lW2

- IighttomoderartgIaycoior
- Light to maleme partick loading
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TABLEG-  IDENTTFICATON  AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COUcfED  ON 37 MM PVC FILTERS IN KUWAIT  AND SAUDI ARABIA

AEHAFtid m RILoeGmup Sampie
Sample No. coked Sample No. Locarion Site Obscrvations/Commena

13e17

Tl*20

R13b21

Rl35-04

n3545

135M

14 May 91

14 May 91

14 May 91

15 May 91

15 May 91

15 May 91

603f76 (SEM)  N o t  Awdable -
*

601426  (SEM)  CampFreubm. -
Kuwait -

601427 (SEM)  CampFrsedom. -
Kuwait -

*

601428(SEM)  u s  E m b a s s y .  -
Kuwait -

*

R@rabk  Fraerian
Aproxirnaaly  112  of the filter tefdvcd in a
pbticpeaidishonl9Dccl99l
BWccoQr
Hcwypmicklaading

Rqi+k F&on
wy l~afthclYtmrc&valina
plaslicpelxidishon19D#1991
Appxinuudy  1R of the fiter rexivcd  in the
sample wilecricin e on 12 Nov 1992
Light gray wlor
Light partick  loading

FIcldBlaPk
Entire fdrcr  Mvcd in ttre  sample ColleELion
~at12NoV1992
wlli~cok
Nopanielesotsmal

TotaIFraerim
Appximatcly l/2 of the filttr received in a
plastk~dishon19Dcc1991
Apuxima~ly  l/2 of the fdtcr nxcived  in the
sampk  eoibinn casscuc on 12 Nov 1992
BIiXk&
“ay~~Eoading:aggl-
parriclcrcQvuanircsulfzmxof6llu

601429 (SEM) Na Availabk - F& Blanlr
-Am . Iy 1/2oftheftltarcccivalina

plasic~dishtm 19Dae 1991
~yl/2ofttlcfilltrreccivtdinthe
sample  wueetioaw on 12 Nov 1992

- Whipc  to vay Ii@ gtay color
- Nopnick-
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TABUG-249.  IDEMTFICATION  AND OBSERVATIONS OF AS-RECEIVED INDUSmIAL  HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT  AND SAUDI ARABIA

AEHA FKld
Sample No.

RJLCCGtOUp Sample
Sample No. Laxion Site Obsen+ations/Commena

T13511

R13603

n3604

13701

T137-02

TI37-03

Tl38-03

15 May 91 603760 (SEM)  Camp Frwtom,
Kuwait

16 May 91 601408 (SEM)  Camp Freedom.
Kuwait

16 May 91 601430 (SEM) Camp Frazdan,
Kuwait

17 May 91 603751 (SEM) Not Available - Eeld Blank

17 May 91 600761 (SEM)  Militaq  Hospital,
Kuwait

17 May 91 600761 (SEM)  Military Hospital.
Kuwait

18 May 91 601431 (SEW MiIitaq  Hospital,
Kuwait

- ToFalFraction
- Approximately 3/4 of rhe filter wived in the

sample colktion  cassette on 12 Nov 1992
- Very light gtay color
- Light particle loading. uneven distribution

- RtspimbIc Fraction
- Amy I/2 of the filter received in a

plasticpeuidishonl8Decl991
- Approximauly IL! of the filter rweived in the

sample colltion cassette  on 12 Nov 1992
- Black colar with fmger@nrs  neaf edge of filter
- Vayhwyparrieleloading

-To&Fraction
- Apprbmady l/2 of be filter received in a

plastic petri dish on 19 Dtc 1991
- Approximately l/2 of the fJur meived in rhe

sample collection cassetu on 12 Nov 1992
- Black color with fmgqrim at edge of filur
- Vay heavy panicle loading

- Entire 6ltcr received in the sample collection
casxtte  on 12 Nov 1992

- Whitecolor
- Particlesabsent

- Toral Fraction
- Entire filfcr received in the sample collmion

~on2OctlWl
- Tancolor
- Maluau to hay pnicle  loading. some

partidesagm==d

- R@rableFtaction
- Entire i5ltm reeked  in the sample collection

~on2Oct1991
- Tancolor
- Mabate  to heavy panicle loading: some

partic~agglomcrated

- TomlFmction
* ~ylRofthefiterreceivedina

plastic petri dish on 19 k 1991
- Approximately l/2 of the filter received in the

sample colktion  cassette on 12 Nov 1992
- Vcq light gtay color
- Mdmtc ICI heavy particle IWing
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TABLE G-2-50. LDmCAnON  AND OBSERVATIONS OF AS-RECEIVED  INDUSTRIAL HYGIENE
SAMPLES  COLLE- ON 37 MM PVC FILTERS IN KUWm AND SAUDI ARABIA

AEHAFU m RJLkGfOUp -pie
Sample No. CoUezud  S a m p l e  N o . bzation Site ObsmationsfCommenrs

R138-07

Tl3M

R139-03

T13P11

R13P12

139-19

lSMay91

19 May 91

19 May 91

19 May 91

19 May 91

19 May 91

601409  (SEM) Military Hospital,  -
Kuwait -

-
*

601432(SEMJ  AbmadiHospitaL  -
Kuwait -

*
1

601433 (SEM) AllmadiHospi4  -
Kuwait -

601410 (SE&l)  camp-nllmderock, -
Kuwait -

*
*

401411 (SEM)  campllllmderoek.  -
Kuwait -

Rspirable Fraction
Approximately l/2 of the filter raeived in a
plzzic  pttri  dish on 18 Doe 1991
LighrlpaYWJ=
-@clcloading

Taal Fr;rction
Appmximauly  1R of the ftitcr mivcd in a
plasricpetridishon  19&c  1991
Appmxim&y  l/2 of the filter received  in the
sample colktion  ~ttc on 12 Nov 1992
Light gzay color
Light patide loading

RapimbkFnmim
Approximately 112 of the fdrcr rsrzived  in a
plastic pttri dish on 19 k 1991
Approximately 112 of the filter received in the
smple collation ~ttc on 12 Nov 1992
bldiltm  my colclr
Vay lighr particle loading

Total Frztion
Approximately 112 of the filter received in a
pktic  petri dish on 18 Ds 1991
Approximately X-of the filter rcceival  in the
sanrple collection ossettc  on 12 Nov 1992
white color
“cry  lightpm.icie  IaMiing

RespiableFra~tion
Approxhdy 112  of the film mxived in a
p~pwidi!dlonl8Dee1991

* Appmxk&y1~ofthefilta~ivedinthe
srnple wllcethtt  QISSCEC  on 12 Nov 1992

- vcfylightgmycolar
- tightplickloading

601434  (SEM) Not Available - FtiBlank
* Appmximauly 112  of the fiter rczcived  in a

pkticpuridisbonl9Dec199l
- AppraximattlylRofthetirt#ivedinthc

smple  collcftion mltc a~ 12 Nov 1992
- Whirecola
- Nopmiclesolrscwcd
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TABLE G-2-51. IDEN’IXWAHON  AND  OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COUCIED  ON 37 MM PVC FILTERS  IN KUWAH  AND SAUDI ARABIA

AEHAFdd m RJLecGfWp *pie
Sample No. CoIkud Sarnplc  No. tocarion Siu ObsmationsKomments

n40-05

Rl40&5

R140-07

142m

R143-17

Tl43-18

R14e01

2oMay91

2oMay91

2oMay91

22May91

23May91

PMay91

24May91

601435 (SEM)  Burgan  Oil i5eU - Tti Fracrioo
Kuwait - Approximately 1~2 of the filter rcceivcd  in a

plasticpcpidishon  19Dfx 1991
ely l/2 of tie filter received in the
sample co&&n cassccu  on 12 Nov 1992

- Bkkwlot
- very hay panicle  laading

601412 (SEM)  Burgan  Oil Ficldq  - Respimble  Fmction
Kuwait - Approximately 112 of rhe filter received in a

pk~icptuidishonl8kl991
- Approximauly l/4 of the filter received in the

sxnple  collafim  assctu on 12 Nov lW2
- vuy lightpaywloc
- Light particle loading

603769 (SEW Ahmdi  Hospiral,  - Respirablc  Fraction
Kuwait - Entire film neeived in the sample collection

assettt  on 12 Nov 1992;
- Outside of sampling cassette speckled with oil

&QPh
- Medillmgraywlor
- Light to modaarc  panicle loading

603759 (SEW Not Available - Field Blank
- Appmximauly  3/4 of the filter received in t;he

sample collaxion  cassette on 12 Nov 1992
- Light mn or yellow color in center of filter
- particles  obsmcd  on the tikr

603782  mw Al-Jubayl. - Rcspimble  Fmction
SadiAlabia - Appmximdy  3/4 of the 6lt.a  rwcived

in tk sample collcuion  cassctu on 12 Nov
1992

- Vay light gray to whirc color
- Vay light pmtiele loading

603710  (SEM) ALJulsyl, - TotalFraction
SUliArabia - Entire fik received in rht sample collection

assate on 12 Nov 1992
- vay light gray wlor

603765  (SEW Damman porS - Rqkable  Fxaction
salYiiArabia - Em.& filter &ved in the sample colkction

asxtuon 12Novl992
- Light gray color
- Makratepmiclelmcling
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T-G-2-52  lDENTXFICATION  AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SA.MF~  COLLEc’fED ON 37 MM WC FILTERS  IN KUWAK  AND SAUDI ARABIA

AEHAFM RlLCCGi-OUp
Sample No. Co& S a m p l e  N o . OkndordCommmrs

TlM

f145-05

R145-M

R147-02

T147-03

n4849

Rl48-10

24May91 603n9 (SEM) Damma  pwt.
saudimia

25May91 603752(sEM)  &cnmao PO%
SaudiAmbia

25May91 603781(sEM) Danlmanpw.
SadiAmhia

nMay91 601436(sEM) Dammall-
SZlUdiAnbia

nMay91 601437 (SEM) Damman Port.
sadii4mhii

28May91 601413 (SEM) 2%

28May91 601438 6EMl p&S

- TomlFmction
- En& tiller rscived in the smple  collmion

casslzc  on 12 Nov  1992
- Liglltglaycolof
- Ligilttomoduatcparticielmding

- To&lFmcih
- AppmxbMy  3/4 of the fdtcr mivcd in the

SampkCOIlbOIl- on 12 Nov 1992
- Mcdiumtom~coiar
- HGivyparrielelmdiIlg

- Rqh+dcFmcticm
Ap$mmfdy3/4ofthemtcrrceeivedintile
SampleCOlklh- on 12 Nov 15’92

- Lightg!aycdor
- Very light particle loding

- Rcspimblc  Fraction
- Apprwimately 1/2ofttsfdtcrreccivcdina

p&ic*dhhon19Ik1991
- Appmximatdy 112  of the fitter rcccivd in the

sample cokction  wssctrc on 12 Nov 1992
- Light gfay color
- Heavy loading of fint agglomcmud partides

- TotalFmaion
- ApproxkWy1/2ofthefdtcrrcccivcdina

plmicpctridishon19Dcc1991
- Appnktcly1~oftkfikr~inthe

samplccolku.ion- on 12 Nov 1992
- Gaydot
- M-pmicklaiding

- TomlF+on
AppaxlmatcJylRofrhcfitDerrewivalina
pkic~di&onl8Dcc1991

- Lightgtayadnr
- Light m modaatc $wricle  loading

- Respimble  Fcaction
* ~y1Roftkfiltcrncivcdina

plasIicpcuidishon19Dtc1991
- ~ylRdtkfdPerfeceivcdinthc

gampkcokuion~on  12Nov 1992
- veq light gray to white dor
- Very light panicle iding
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TABLEG-2-a. IDENTIFICATION  AND OBSERVATlONS  OF AS-RECEIVED I.NDUSTRI,U  HYGIENE
SAMPLES  COILEm ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI  ARABIA

AEHAFl&J FULCCGroup Sample
Sample  No. COiECd Sample  No. kmtion Site ObsrvadonslComments

Tl4818

RN-19

Tl49-06

Rl49-07

149-18

Tl5CHX

R150-05

28May91

28May91

29May91

29May91

29May91

3oMay91

MMay91

603m (SEM) Damman Pork
Saudi  Ambia

603780 (SEMI hmman  F’or~
saudihahia

603757 (SEM) Damman pan
sadi Arabia

603762 (SEW Damman Port,
saluli Ambia

603746 (SEM) Not Available

601439 (SEM) Al-Jubayl.
SaviiAiabia

601440  (EM-) Al-Jukxyl.
SawliAmbia

- Total Fraction
- End filter rmeivcd  in the sunpIe collection

rzaseue  on 12 Nov 1992
- Gmycoior
- MahE to heavy particle loading

- Respirable Fraction
- Entire filrcr ruzcived in Ihe sample colltion

cassate  on 12 Nov 1992
- Medium pay color
- ModaarctohcavypaKicleloading

- TwlFwtioo
- Approximately 3/4 of the filter received in the

sample collection cassette on 12 Nov 1992
- Very light gray color
- Light particle loading

- Respiiable  Fraction
- Approximately 3/4 of the filter received  in the

sample collection cassette  on 12 Nov 1992
- Light gray color
- Moderarcparcickhxding

- Field Blank
- Approximately 3/4 of the filter received in the

smple  cokccion  cassette on 12 Nov 1992
- White cob
- NopardcIesobscwcd

- TotiFrxtion
- Appoximauly  112 of tk filter received in a

plastic petri dish on 19 Dee 1991
- Approximately l/Z of tk filter received in the

sample colkion cassetk on 12 Nov 1992
- White to vay light gxay color
- Liihtgartielc  loading

- Rcqimble  F&on
- Appnkma&y  l/2 of the filter received in a

plastic peai dish on 19 Dee 1991
- Appmximacly l/;! of the filter rspeived  in the

sample collcdon  fassetfc on 12 Nov 1992
- White to vay light gmy color
- Light particle loading
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TABLE G-2-54. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
sAhfP= COILEm ON  37 MM PVC a’l-=s  m KuWArr  AN’D SAUDI ARABIA

AEHAFtid  lkte
Sample No. couceted

FULCCGl-OUp SiUllplC
Sample No. Location Site ObxrvationslCommenrs

RlSO-09 MMay91

15185 31 May 91

T152-05 1Jltn91

R152-06 lJun91

RlS207 lJun91

R152-08 1 Jtm91

R152-09 lJun91

603748 (SEM)

603758 (SEMI

603778  (SEMI

601441 (SEM)

603T2 (SEW

603747 (SEMJ

600757 (SEM)

Damman Pm%
SaudiArabia

Not Available

Al-Jubayl.
sadiAiabia

Al-Jubayl,
Saudi Alabia

Al-Jubayf.
SaudiArabia

Al-Jubayi.
Saudi  Ada

KhotmL
Saudi Aiabii

- Respimble Fraction
- Entire fiW received in the sunplc  collection

- o n  12Nov  1 9 9 2
- Lightglaycolar
- Ligiltmmcukate particle loading

- FAdBlank
- Entire fihcf received in the sample collection

aswteon 12Nov 1992
- whitecola
- No particles  obsemed

- To&Ftzrion
* Appxhauly  3/4 of the filter reffived  in the

sample colktion  asafe on 12 Nov 1992
- Very light @ay to off-white  color
- Very light particle loading

- Respirable  Fraction
- Approximauly  IB of the falter received  in a

plastic petri  dish on 19 Dee  1991
- Approximately  I# of the filter mivcd in the

sample coIktion casseue on 12 Nov 1992
- Light gmy color
- Very heavy parricle  loading, most particles

agglom-

- Rcspirable  Fraction
- Entire  filter  rxeivtd  in the sample collection
-on 12Nov 1992

- Mediumgmy  cola
- Heavy pxticle King

- Respitable Fmction
- Entire lik teceived  in the sample collecrion

asseae  on 12 Nov 1992
- Lightgfaycolor
- Lightto modemepniclelmiing

- RespirabIe  Ftaction
- E&e film mzeived  in the sample collection

casWteon2Oct1991
- Graycob
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TABLEG-2-55.  IDENTIFICA~ON  AND OBSERVATIONS OF AS-RECEIVED  INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 bihf PVC FTLTERS  IN KUWAIT  AND SAUDI ARABIA

AEHAFti  &re
Sample No. CoUd

RlLaGrwp Sample
Sample No. Lo&on  Site Obxrvations/Commenr

1s3a 2Jun91

R155-Og 4Jun91

n5509 4Jun91

R155-14 4Jun91

TISE 15 4Jun91,

Rl5601 5Jun91

RI5607 5Jun91

603753  (SEM) Not Available - FteldBlank
- Approximately  ln of the filter mived in the

sampie collection ascue on 12 Nov 1992
- whiucoia
- No particles  obwml

601442 (SEMI Alma&i  HospitaL - Respirablc Fraction
Kuwait - Approximately l/2 of the fJter received in a

plastic peai dish on 19 Dee 1991
- Approximately  l/2 of the fiter reetived in the

sample collaztion  eass#te on 12 Nov 1992
- by light my color
- Lightparcielekmding

601443 (SEMI Ahm&i  Hospital, - Totai Fraction
Kuwait - Approximately l/2 of the filter raecived in a

plastic petri  dish on 19 Dee 1991
- Approximately  l/4 of the fJter received in the

sample coktion casxtte on I2 Nov 1992
- Very Light gray color
- Light particle loading

603749  (SEM) Al-w*
Kuwait

- Respimble Fraction
- Entire filter received in the sample collection

wseae on 12 Nov 1992
- Gray cob
- Mduate  to huvy particle loading

603750  (SEMj AI-Wdi& - TotalFractton
K&W&t - Appfoximauly  3/4  of the filter Dived in the

sample collection caseue  on 12 Nov 1992
- Graycolor

6Mf74  6E.bQ Mlitaty Hospital, - RespirableFmction
KUWt - Entire 6lta  xmeivd  in the sample coktion

-on12Nov1992
- Off-white to light gray mlor
- Light to modaatc  partielc loading

601444 (SEMJ AI-Wklh - RespirabeFmction
Kuwait - AppraximattlylRofthefilttrreceivedina

pkic~dishon19Dee1991
- Approximately 11’2  of the filter received  in the

anpIe  coiktion  eas~cue  on 12 Nov 1992
- Mediumgtaycola
- Modcrarctoheavypanicleloadiqsorne

patcic~agglomaared
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TABLEG-2-X  IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPUS  COLLECED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHAF4d  W RIkGrolrp Sample
Smpie N o .  Co&ted Sample No. Lmati0n  Site OtenationsCommenrs

RlS613

R15744

Rl574M

R15F11

TlS7-17

16044

llxi-05

SJun91

6Jun91

6Jtm91

6Jun91

6Jun91

9Jui-191

9Jun91

603756 (SEM)  Amadi Hospital. - Respitable  Fmcrion
Kuwait - Entin film tived in the sample collection

- on 12 Nov 1992
- Lightgmycoobr
- Lightur malaau pnicle  bading

601445  (EM-) BurgmOilield.  - RespimbleFmaiw
- AppmximatdylRoftkfilterrceeivediua

plastic pepi dish on 19 Dee  1991
* Approximately l/2 of the falter tarzived in the

sample collection casscue on 12 Nov 1992
- Bkkcolor

&I3783  (SEM)  Burgan OiI Froeld,  - RcrpimbkFmaim
KUWAt - Entire filter received in the sample colleuion

wsxtte on 12 Nov 1992
- Light gmy color
* Mabautohwypariicklmding

603763 (SEM) Burgan Oil Ftild, - REspitable  Ftaction
Kuwait - Entire lib received in the sample collection

mssateon12Nov1992
- Light gmywlar
- M&ratepanicleloading

6037M  (SEM)  Bm-gan  Oil FielQ - Toel  Fmction
Kuwait - Approximauly 3/4 of the fdlter  rmeived  in the

sfmplecoikrioncassutc on 12 Nov 1992
- Dwkglaycobr
- Hmyand tmevwptmiclelcldhg

603754 (SEW Not Ahlahle.  - FtiBlank
Kuwait - Entire6krwcivcdindtesmpiecolWion

-on12Nov1992
- wtlitecola
- Noparticbotsaved

603ml  (SE&Q Not Available - FieldBlank
- Entire filta raeeked  in the sample collection

-0n12Nov1992
- Filtabdlydanagcd
-whhecoIa
- Noparticlesohsmal

G-2-50



TABL@ G-2-57, SUMMARY OF CCSEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR INDUSTRIAL HYGIENE SAMPLES
COLLECTED ON PVC FILTERS IN KUWAIT (WT. ‘16)

AEHA Field Sample
Sample No.

RJ Lee  Group
Dale coltecled

- - - - - -  Parride  She R a n g e  ( p m ) - - - - -
Location Sile Sample No. 14 41.5 7.5-10 lb30 > 30

Tl34.07 I4 May 1991 Camp Freedom 600760 31 48 21

R135-04 15 May 199i US Embassy 601428 73 28
Tl37-02 17 May 1991 Military Hospital 600761 6 36 27 30 -
R137-03 I7 ‘May 1991 Mitirary Hospilal Ml0762 14 9
T138-03 18 May 1991 Military Hospital 601431 12 :: 18 :; :
Rl38-07 18 May 1991 Milibuy Hospilal 601409 23 17 3 -
RIBS-01 5 Jun 1991 Mititary  Hospital 603774

ii
36 I

Rl39-I2 19 May 1991 Camp lhundercck 601411 69 31 - - -
Tt39-02 19 May 1991 Ahmedi  Hospilal 601432 9 37 23 32
R155-08 4 Jun 1991 Ahmadi Hospital 601442 55 37 8 _ :
TISS-09 4 Jun I991 Ahmadi Hospilal 601443 I8 42 19 21
R156-13 S Jun I991 Ahmadi Hospiial 603756 50 34 I 14

c R140-06 20 May 1991 Elurgan  Oil Field 601412 27 I8 I2
t-4
A

R157-11 6 Jun 19991
Began

Oil Field
603763

ii

33TlS7-08 6 Jun 199i Oil Field 603783 26 -c1 Burgan 54 : Ii
RI5607 5 Jun 1991 Al-W&ill 6ot444 41 46 13 - -

TABLE O-2-58, SUMMARY OP CCSEM AERODYNAMIC MAS& DISTRIBUTION RESULTS FOR INDUSTWAL  HYOIENE  SAMPLES
COLLECTED ON PVC FILERS  IN SAUDI ARABIA (WT. 46)

AEHA Field Sample RJ IA8 oroup
Sample No. Dale cokd?d -lion Sir8 Sampte  No.

-,-----Particle She Range (p+-------
4-7.5 7.5-10 la-30 > 30

T127-12 7 May 1991 Khobar 603755 13 28 I8 41. -

T143-18 2j May 199i Al-Jubayl 603770 41 41
R148-09 28 May I991 Al-Jubayt 601413 2 ;; 2 : :: :
Rl48-10 28 May 1991 AkJubayl 601438 72 - . -
TISO-04 30 May 1991 Al-Jubayl 401439 7 30 36 26 -

RtSO-05 30 May 1991 Al-Jubayl 601440 60 40 -RI 52.08 1 Jun 1991 Al-Jubayl 603741 36 46 14 4 :

Tt44-02 24 May 1991 Damman  Porl 603779 12 36 23 29
T147-03 27 May 1991 Damman  Port 401437 17 44 32 7 :
T148- 18 28 May 1991 Damman  Port 6113773 27 47 9 17



TABLE O-2-59. SUMMARY OF CCSEM PARTICLE-TYPE DATA FOR INDUSTRIAL HYOtENE SAMPLES COLLECIED  ON PVC FILTERS tN

AEHA Field Sample RJ Lee Oroup
Sempte  No. D&e Cotteclcd l.ocation  Sile Sample No.

Tt34-07 14 May 1991~ CanlpFlwdom 600160
Rt35-04 15 May 1991 US Embaay 601428
T137-02 17 May 1991 Military Hospital 600761
R137-03 I7 May I991 Military Hospice1 600762
Tt38-03 I8 M a y  1991 Mi tikry Hospiull 601431
Rl38-07 18 May 1991 Military Hoapilet 601409
R156-01 5 Jun WI Military HospiJ a3774
R139-12 19 May I991 C8mpl”bunduock 60141  I
Tt39U2 19 May 1991 Ahmadi  Hosgitat 601432
R155-08 4 Jun 1991 Ahrrwti Hospital 601442
TISS-09 4 Jun 1991 AhmAt  Hoa#al 601443
Rt56-13 5 Jun t99t Ahmodi  Hospilel 603756
Rt4m 20 May 1991 BIvgan  Ott Field 6014 I2
R157-It 6 Jun 1991 Bugan Oil Meld 603763
Tt 57-08 6 Jun 1991 Bllrgan  oil Field 603783
Rl56-07 5 Jun 1991 At-Walra 601444

Si-rich and
Mixed Clays

W I .  % II Pal-L

43 74
51 95
46 IO5
33 96
37 122
64 I55
44 110
45 87
:: 71

I31
63 143
51 148

:; 89 86
31 113
52 122

Ca-rich
wt.% n Part.

46 64
38 52
53 118
66 140
49 97
31 79
51 II4
48 90

: ;i
36 77
38 120

ii 127 139
68 155
41 95

C-rich
WC% #Part.

6 9
7 13
I IO
I 4

144 ii
I 2
I 9

< I
2 i

1I :

131 :
< I 3

4 I5

Miscctlaneous
W I .  % #Pal-L

5 19
4 12

Cl 9
C l

I :
: 8

I2
6 14
: IO

<I :
IO 8
4 24
5 12
1 7
4 8

TABLE O-2-60. SUMMARY OF CCSEM PARTICLE-WE DATA FOR INDUSTRIAL HYOlENE SAMPLES COLLECTED ON PVC FlL’fERS  IN
SAUDI ARABIA

AEHA Wetd Sample RI Lee Group
Sample No. Dale  coltecled l..adon  Site Sample No.

Tt27-I2 7 May 1991 603755
Tt43-18 23 May 1991 Al-Jubrayl 603770
R148-09 28 May 1991 Al-Jubayt at413
R148-10 28 May 19991 At-Jutrayt 601438
T15tIkUI 30 May 1991 At-J&y1 cat439
RlStX05 30 May 1991 At-Jubayt 601440
RI 52-08 1 Jun 1991 At-Jubayt 603747
T144-02 24 May 1991 Damman  Port 603779
Tt47-03 27 May 1991 Dammm Port 601437

. Tt48-I8 2 8  M a y  I991 Damman  Porl 6I)3773

Si-rich  and
Mixed Clays

wt. % II Part.

15 46
43 IO1
36 87
48 IO1

3
22 :i
IO 27

7 39

C&rich
Wt.% #Part.

81 t63
49 t t 6

ii 97 80
86 I88
76 151
82 218
88 162
2 121

I38

C-rich
W t . %  tiPBra.

Cl I
8 19
3 8

: 2:

: 11 5

1 IO
IO

MiSiXllaUWW3
wt. % I Pall.

4 15
<I

7 i

;
IO
23

I 4
4 I5
: 18

I5
I 3



TABLE  G-261. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECIED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHAFd DaE AEHA  WkGcoup Sampk
Sample No. cdktcd Lab No. Sample No. Lcmti4m site Obti&ommnts

OF/A%27 31 Oet 1991

OF/As/26 31 Ott 1991

Ol=IASI44 31 Ott 1991

OF/AS/45 31 Ott 1991

OF/AS/46 1 Nov 1991

OF/AS/47 1 Nov 1991

25384 6037oo(SEMJ

25305 603701(SEMJ

25386 603702 (SEM)

25387 603703 (EM)
46331mM)

25388 6037(#(SEM)

25389 603705(SEM)

Oil Fields,
Kuwair

Oil Fields.
Kuwait

Oil fields.
Kuwait

Oil Eel*
Kuwait

oil Fields.
Kuwait

Oil Ftelds.
Kuwait

- Filter rwEived  on 11 Nov 1992
in two sections: 1R in the
sample coktion cassu~c  and ln
taptdtoaplasticpetridish

- Huvy and nm-unifoml particle
-g

- rage amount of particles gxutcr
than 1Ml  p (and) found in
cassettealxlmfrm

- Filter received on 11 Nov 1992
intwoseEtion$: 1Rinthe
sample collection ~tte and IL!
Eapedtoaplasticpenidi5h

- Small brown spot obftrv#l on
tk fkr

* Ehckingpadwasrekdcutin
half in the coktion casscae

- Very tight particle loading with a
few sub-micron particles observed

- Filter received on 11 Nov 1992
in two suxions: 1R in the
nunplc  cokfion casseue and 112
~toaplasricptuidish

- Very  light particle loading

- Filter received on 11 Nov 1992
in two saions:  112  in rhe
sample collection cassette and IL!
ta@toapiasricpeuidish

- light particle loading
- Mostoftbeparticltsranging

knWal1arKl10pm;sxnesub
kCtUClptiClSOtlSUVCd

- Filrcrrraivedon  11 Nov 1992
iIlrwOseetions:1/2iIlttU
semple coklilm  m and l/2
ta@toaplasricpetridish

- Vay light particle loading
- Mostoflheparriclesobsen@d

rangedhrmsto1opzninsiz
- A small anmum  of sub-micron

pmtickobspvcd

- Filtcrreceived on 11 Nov 1992
in two sections:  l/z in fhe
sample collection ~asstllt  and 1R
rapedtoaplasticpeaidish

- Light particle loading
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TABLEG-  IDEN-l-lFlCATION  AND  OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLE!3  COLLECl-ED  ON 25 MM PC l=ILTERS  lN KUWAIT  AND SAUDI ARABIA

AEHAFM Da AEHA  EUkeGmlp SampIt
SampIeNo. ColkW L&NO. Sample No. Lautiou Site obswmidommcnIs

OFIAsI48

OF/FB/3 1

0FlASf56

OF/AS/S 8

OFhWJ

OF/M/66

1 Nov 1991

NA

2 Nov 1991

2 Nov 1991

2 Nov 1991

3 NW 1991

25390

25391

25392

25393

z53w

25395

603706 (SEM) Oil F~clds,
Kuwait

603707 (SEMI Oil Fields,
Kuwmit

603708 (SEM) Oil Fieldf.
Kuwait

603709 (SEW Oil fields.
46336 O’EMJ Kuwait

603710 (SEMI

603711 (SEM)
-cIEM)

Oil Fitldf
Kuwait

Oil Fields.

- fiutrrefeivedon  11 Nov 1992
illtwos&tions:1Rindle
sample coktion wsstu and l/Z
tapedtoaplmicpemidish

- Light particle loading

- FieldBlank
- Fti r#tived on 11 Nov 1992

iatwos&ons:1/2inthe
smple colktion  eassw and l/2
tapcdtoaplasticpeuidish

- A fm panicles obseved

- FikrtEeivedun  11 Nov 1992
iutwoseetkmsJl/ziilthc
sunpIecokction~andl/2
rqxdtoaplasticpcxidish

- Light particle laading; most of
the particle population ranging
bwecn1and1Op.m

- Some sub-micrun  particles

- Loading~tobcnon-
uuifmulinans

- Filter received  on 11 Nov 1992
in two secrbs:  l/2 in the
sxmple  cr&ction  wsstte and l/2
qsxltoaplasricpexidish

- Modmtcpaniclcloading
- Majority of particle population

krwecnos  arui lOp.al

- ~ilrzrraxivcdon  11 Nov 1992
illtWClSbO~l/2illtk
SamplCCDllCUiOUCiSZUlCandvZ
rapedtoaptasticpeuidish

- Liglltpti&le!mding

-FtlttrrcceivedonlINov1992
intwosarions:l~intbc
samplecokuion-andl/Z
tapcdtoaplihcpetidish

- Lightu,mahte plickloadiug
- Majority of panicle popdatiml

c 1opm
- A high numberd  sub-n&cm
v-
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TABLEG-243.  IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPB COLLECED ON 25 MM PC FlL-ERS  IN KUWAIT AND SAUDI  ARABIA

AEHAFidd  me AEHA  IuLeeGmup S a m p l e
Sample No. W Lib No. Sample No. -Sk ObsuvahondCommcnts

OF/As/67 3 Nov 1991 253% &I3712  (SW Oil Fields.
KUtil

OFiAS/6g 3 Nov 1991 25397 603713  (SE&l-) Oil Fields,
Kuwait

OFlAS143 3 Nov 1991 25398 6037 14 @EM) Oil Ftcl&
Kuwait

OF/l%132 NA 25399 603715 (SEW Oil fields,
46324  (-EM) Kuwait

OF/AS/42  4  Nbv 1 9 9 1  25400 603716 (SEMI oil Fields.
=Jomw Kuwait

- Filterrcetivcd  on 11 Nov 1992
in two  saxions:  I/2 in the
sample colktion txsxtc  and
ILZtapodroaplasticpeaidish

- Filter  has an uneven  disxibution
Ofpaniek

-Iagepauticies~edadhering
tothcwal.lsofLkusseuc

- mopic particles as large as
-200 pm also obswcd on filter

- filter  received on II NOV  1992
in two sexions: l/2 in the
s&!llplc  colkdon  m and
l~mpcdtoaplasiicpeddish

-Moderate*wg
- Majority of panidc popuialion

rangingftom05to  10~
- A high number of sub-micron

particles  o-

- Filter received on 11 Nov 1992
in two sexions: I/2 in the
sample colkrion  casrcuc  and
1R taped to a plasic  petri dish

- Light particle loading
- parrick  were  observed  on both

sides of the filter.

- Field Blank
- Film rweivecl on 11 Nov 1992

intwosexioas:  lninthe
sample colktion m and
1Rtapedroaplasticpeuidii

* Light plide kading

- FbrseivcdonllNov1992in
two sstions  l/2 in the sample
cdatioa -andlRfapcdtoa
pklStiC~diSh

* Mocktauparticlelmding
- Majority ofpatwe  population

rqil-lgbcnvcul1and1opm
- Many submkrcm panick  obsuwd
- Apartionofthcfilterwaswrinkled
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TABLEG-2a4.  IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED WDUSTRIAL HYGIENE
SAMPLES COLI.ECrED ON 25 MM PC FILTERS IN KUWAlT  AND SAUDI ARABIA

AEHAFrid
SampleNo.

AEHA  RJLcc@oup SZUTlpk
Lab No. SampIe  No. tin Site Obscrvarians/Commarts

OF/As/z8 4 Nov 1991

OF/AS/69 4 Nov 1991

OF/AS/SO 4 Nov 1991

OFIASR9 5 Nov 1991

OFjAW 5 Nov 1991

OF/As/4 1 S Nov 1991

MElMA 67 Nov 1991

603717 (SEMI
46323m

603718 (SEMI Oil Fields.
46342 (TEM) Kuwait

603719 (SEMI

603720 (SEMI

f503721 (SEMJ
4.6343 (-rEMI

6037z! (SW

Oil Eelds.
Kuwait

Oil Fields,
Kuwait

Oil IWdS,
Kuwait

Oil Fields.
Kuvmit

Oil Ftelds.

- Ellcrnceivedar  11 Nov 1992
inLwosEcLioas:  1BiIllhe
sample collection ~dsscpc  and l/2
qxdtoaplasticpePidish

- Light to m0dmt.e particle loading
with particks tanging ktwen
land2OIltll

- Some suhniuon  particles

- Filter received on 11 Nov 1992 in
wo saioas:  l/2 in the sample
colIacLion -aad1/2gxdto
aplastic~dish

- LightpmicIc  loading
-FWi~milgillgbcWcal1and~

10 p with SOme sub-micron
prlickes

- Sample collection cassette
rxeivalonllNov1992

- Filter missing from the collection

- Sample collection cassctfe
rweivd on 11 Nov 1992

- Filter missing from the collection

- Frltcr  received on 11 Nov 1992 in
two seaions l/L in the sample
dkLha -and lL2ta@to
apbsiicpeaidisb

- Lightto -pdcleIoading
with partieks mging froal sub
mimonto10~

-FilrcrroEcivedon11Nov1992in
Lwo- 1Rinthcsarnple
coIl&n -and1/2tapodtO
aplasricpeuidish

- Vay light parficle loading

603723 (EM) MiIimty Hospital, - F&r received on 11 Nov 1992 in
Kutir twosaions 1Rinthesample

cdktion ~andlRFapeda,a
p&dCpcaidiSh

- Extrancly light pattick loading with
pixticIutangingffom10to20~

- vay few Wlff cl0 pm observed
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TABLE G-2-65. IDENTIFICATXON  AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMF’LES  COLLECIED ON 25 MM PC FILTERS IN KUWAIT  AND SAUDI ARABLA

AEHAFl&i
Sample No. CO&I

AEHA  ‘RI&Group S;unple
Lab No. Sample No. Location  Site Obscrvationsffommmts

UN/AS/33 6-7 Nov 1991

MUW53 7-g Nov 1991

UNhW38  7-g Nov 1991

MWAS/63  g-9 Nov 1991

UN/Mm 8-9 Nov 1991

25410

25411

25412

603724 (SEM) UN Building. - Eltm received on 11 Nov 1992
46325 (EM) Kuwait in LWO sacwns: l/2 in Lhe

sample coLlection  csscttc  and lR
taped to a plastic petri  dish

- Light particle loading
- Majority of particles ranging

kcwecn  1 and 10 m
- A small numkr of sub-micron

pzuticlcso$seNd

603725 (SEM)  MiIitary Hospital, - l?lm received on 11 Nov 1992
46333 QEM) Kuwait in two sa.ions:  1R in the

sample collection ~ttc and 1R
tapedtoapiasricpetridish

- Mockmtetoheavypam’flt
loading with parricks  ranging
from sub-micron to 20 p

603726 GEM) UN Building. - Filter received on 11 Nov 1992
46327 t-EM-j Kuwait in fwo xtions:  1R in the

sample collection caswte  and l/2
tqxdtoapiasticpeuidish

- Modmate  panicle loaci.ing
- Majority of parrick  between 1

and lop
- Some sub-micron particles

Ohpaved

603727 (SEMJ Military Hospital - Filter received on 11 Nov 1992
46337 (EM) Kuwait in two suxions: In in the

sample cokction  ~assctte  and l/2
taptdtoaplasticpcuidish

- Makate  @de loading with
particles ranging from sub-
micronto10pm

603728 (SEMI UN Building. - Frlter r#rived  on .I 1 Nov 1992
-cIEM) Kutit intwosaxiomcl~inthe

sample coUection  asette and ln
cqxdtoaplasticptuidish

- Malaace  pticle loading with
pniclfs ranging kom sub
micxmtolOt.un
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TABLEG-266.  IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLE-D ON 25 MM PC FILTERS IN ICUWm AND SAUDI ARABIA

AEHAFti Ihe AEHA RJLceGroup S=Pk
sample  No. coumui Lab No. Sample No. LocaLioLl site Obsawuionsrtomment

MHhW64 9-10 Nov 1991 25413

MH/F8/74 NA 25414

UN/W65 PI0 Nov 1991 25415

MH/ti/% 11-12 Nov 1991 25416

UN/As/S5 ll-l2Nov 1991 25417

UN/M/37 12-13 Nov 1991 25418

603729 (SEMJ  Milimry Hospiral.  - Filter mived QI 11 NOV 1992
46338CTE?4 Ku-air in two sections:  l/2 in the

mple ooIIehon m and l/2
rapedtoapIasricpcaidkh

- Light m modmate  panicle loading
- Majority of panicles sub-micron

with mnainderof  pophion
raugingfromlro10pm

603730  (SEM)  Military Hospital, - Field Bhk
Kuwait - FW netivcd on 11 Nov 1992

illLwosmions:  1/2inthe
sample a~kuion  e and IL!
tapedtoapkxicpwidish

- BothsidesoftbeWterhavcvay
lighLpaxtick  lading

60&O; GEM& UN Building. -F~rtoeivala111Nov1%‘2
Kuwait intwosectioas:  1/2indle

sample coilterton e and l/2
txpattoaplasticpetridish

- Majoricy  of panicks sub-micron
withrun&derofpopuhion
ranginghmltolOtun

- LightLo mdaateparticleloacling

603732 (SEM)  Military Hospital. - Flk received on 11 NOV 1992
46334 Kuwait in LWO  smions: l/2 in the

sample coktion wue and 1R
ta@toaplasticpcaidish

- MajoriCy of pqicles  sub-micron
with ranaiader of ppulacion
ranginghm1to10~

- LightLo mcdmtcpGmicleIaading

603733 (SW UN Buikhg, - F~r#zivcdcn  11 Nov 1992
46335 (TEM) Kuwait iaLwosacrionrcI/;!iaLhc

33l@CC4ktiOU~alUl1/2
mpefitoa.pkricpetridi&

- Ligllttomakatepattickloading
- Majority of particles submicron

WiLh mmahder of popuhlion
mngingfromlt010pm

603734 (EM’) UN Building. -Frltarcccivalar11Nw1992
KUW3iL illtWOscEtiOX1/2iZlrhe

SamplCcOlbiOllcassattandl/2
tap&t0aplasbcpcuidkh

- LightLo lMdemLcpartielieioad.iag
- Majorityofparcickssuhnicmn

wiLhranainduofpoprlafion
ranginghm1to10p.m
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TABLE G-2-67. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED IND,US-lRIti  HYGIENE
SAMPLES COLLEmD  ON 25 MM PC FILTERS IN KUWAIT AND  SAUDI -IA

AJZHAFti
SampIe N o .  diti&d

mm NA 25419

uN/FB/35 NA 25420

LM=B/30 N A 25421

K3/ASi39  12-13 Nov 1991 25%

K3/AS/51  13-14 Nov 1991 25645

K3/AS/51  U-14 Nov 1991 25645

603735 (SEM)  Mikuy Hospital. - Field Blank
Kuwait - Fib nctived on 11 Nov 1992

in two sections:  112  in the
sample collection cassette and IR
raptdtoaplasticpetridkh

* vay light particle  loading
- Some sulsmicron particles

obswedwithtbeIemahdmof
the population ranging from
ltO2OpTl

603736 (SEM)  UN Building, - field Blank
Kuwait - filter rwcived on 11 Nov 1992

in two saions:  l/2 in the
sample c;oktion  m and I/2
tqxdtoaplasticpeuidish

- Very light particle loading

603737 (EM) UN Building, - Field Blank
Kuwait - Filter received on 11 Nov 1992

in two sations:  IL! in the
sample collection eassetu and l/2
rapcdtoaplasticpcuidish

- Vay light particle loading

6 0 3 7 3 8  (EM-)  Khobar, - Filter received on 11 Nov 1992
46328 m Saudi Arabia in two sections: IL2 in the

sample collection cue and rn
tapultoaplasticpcddish

- tight to moderate particle loading
- Majority of particles  sub-micron

with tunaindcr  of population
rangingfromlto10~

603739  GEM)  I
4 6 3 3 2 0  Sauiikabia

- Film received  on 11 Nov 1992
intwoscaions: 1Rinthe
sample colleuion m and l/2
rapdtoaplasricpttridish

- Mahatepniclelodngwitb
pmiclcs  ranging &om sub
micrunto10pm

603739 ISEM)
463320  zk

- Filter r#;eival on 11 Nov 1992
inwosaions: minthe
sample colle ~assufc  and I/Z!
tqxcltoaplasticpetridish

- Moduatc  pIti& loading with
particles tanging from sub-
micronto10p.m
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AEHAFA Dac AEHA  RJLeeGroup -Pk
SamPleNo. cow IANa Sample  No. m Sire 0bscmlti~0mmenu

PS3lASl61  M-15 Nov 1991 25646 603740 (SEMI Khobar.
49771  (T-EM) SaudiArabia

-bar*
SaudiArabia

- Fittarceivedon  11 NOV 1992
in two saxions:  l/2 in the
ample  cokction casseftc and I/2
tapedtoaplasticpenidish

- Makate particle loading wirh
panicles ranging kom sub-
micmntolOpm

PS3/AS/40  15-16 Nov 1991 ZW7 603741  (SEM)
46329 0

- filth received on 11 Nov 1992
intwosaxions:  IRinttle
sample collection e and IL?
tqxdtoaplasticpctridish

- Lightto tndaateparriclc loading
- Majority of particles submiuon

withrmaainderofpopulation
mgingfmn 1 to 1optn

TABLE G-2-68. IDENl-InCArZON AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLEaD  ON 25 MM PC FLTERS  Uy KUWW AND SAUDI ARABIA

PS3IASR2  Id17  Nov 1991 25648

PS3lAW1 18-19  Nov 1991 25649

PS3lFB162 N A 25650

603742 (SEM)
4634scIEM)

603743  (SEM-)
-44mw

603744 (SEMI

Kwxu.
Saudi Ambia

-bar.
salldi  Ambia

- Filter rxcived  on 11 Nov 1992
in two saxions:  l/2 in the
sample cokction  -UC and 112
rapedtoaplasticpttridish

- ModuatcpWeloading
- Majority of pahclcs  ranging

from 1 fo 20 pm with some sub
IllhOllplTiChObSCFd

- Fdttx received on 11 Nov 1992
in two s0xions: l/2 in the
sample collection c&eae  and 112
tapedtoaplasticpeaidish

- Mcdaate  particle loading with
pa&l=  ranging hn sub-
miaontol0pm

- FicldBlank
- Filter received on 11 Nov 1992

intwosectiolls1Rilllhe
sunple coIkrion v and 112
ta@toapktsticpeddish

- Light pmticlc  lmding
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TABU?z  G-2-68. SUMMARY Oe CCSELdJCEM  AERODYNAMIC MASS DWl’RlBUIlON  RESULTS WR INDUSIRIAI. HYUIENE  SllMpLEs
ctx.u.fcI.EDoNIcm~RslNKuwArroyT.%)

AEHA  Fuld RILboGroUp
Sample No. l&t8cdbclcd !sunplo  Lofrim siu Smpla No. QtQ1-4

Pdch  “i;‘:,, (pn,l
4-7.5 * - 1030 *lo

oFIAsf41 I Nou  1991  oil Fidb la3705 10 39 17 34 -
OFm/48 I Nuu 1991  Oil FM& 603706

it 2
13 I4 -

OF/M/50 2 NW 1991  oii Fidds 603709 14 17

tZ;gii 3 3 Nov  NW 1991  1991  OilFieAda  DibFiJdr M3712  603713 20 29 19 t: 41 59 1 -
opIAsI42 4 Nov 1991  oilIwts 603716 2: 41 16 -

~:~ 4 4 NOY Nov 1991  1991  00 oil Ficlda  Ficldr 603718  603717 :: 39 19 ::
WAS/IQ JNOU 1991  Dil Firm 603721 34 4 0 :

2S 43 ts -
I4 -

~~~ 6Nw 7Nov 1991 1991 UNBuilding  UNBkMillg Ez II 9 iti IS 10 49 -

TABLE O-2-70. SU#&URY  OF CCSal/reM AERODYNAMIC MASS DISTR!BUTlON  RESULT  FOR INDU!?lTUAL  HYOIEM!  SAM’LES
COUECIEDON  PIcfKFERS  IN SAUDI ARABIA m. 8)

Awu Rdd x!$Ep --Pwictc Siy5R;p (pm} -
SamPI N o . Da&cotkcti Sample hati’on Site Q .014  4-7.5 , - l&M > 30



TABLE  o-2-71. SUMMARY OPCCSRhWT&l  PARTICLE-TYPE DATA FOR JHDUslRlAL  IfYOSEMi COLLRCIXD  ON #: FlLTERS  M :(uwAJT

AmA fw RJl.4CQlWp
smplc  No. DartCOlkC&d sunpb tocption  sile Smpk No.

I Nov 1991
I Nou 1991
2Nov 1991
3Nov 1991
‘JNOY 1991
4 Nov 1991
4 NW 199591

:E :z

oil lwdr 603705
OilFitW 603706
al Fiildr 603708
oilFiCld# 603712
OilFh&l9 603113
o i l  F i i 603716
oil PI&b 603717
oilPii!u 6037LU
Ou Pi&b 663721

0 Nou 1991 UNBddimj w372.4
7 NW 1991 llN8uMlpl 403726
8 Nov 1991 UNrluikhg 603728
9 NW l99l uNB4l~ 603731

IINOVl991 UNIIU~ 603733
12 NW 1991 UNRuildining 603734

Staic.b  anI
bwdap

Wr% YPUL

Jf

;:
47

::
54
II
31

12
47
33
4a

::

4 5

1’:
33 69

lbiimxmra
WC6 UPaIL

4 17
6 7
3 I8
: 9

3 :

I: 1:
5 IS

: 2;
13 21

r’ 23 14
7 14

6
;.

2

5 ::

AEHh &Id RJLeeQmup
snmplc  No. DElecdlecud Sunpb  Lacatkm  Site Sampk  No.

ps31w39 12 Nov 199I UhbWTOIwFl 603738
Fs3fASIs I 13Nou 1991 lIbobes  Tom 603739

PWAS16  1 I4 NW l99l R.?mbia  Towa 603740
PS3thS/40 IS Now 1991 8lbolm Towar 603741
PS3jASfl2 16 NW I991 Kbobar  Towen 605742
PS3jASi7  1 18 NOV 1991 IO&u Towers 603743

shkb  ti
h4hdClayJ

Wt.% IF%

24
45 ::
34 100
32 95
34 67

-27 75

38 78

2
72

I14
4 6 103
56 115
57 133

C-cleb
WC% YM

28 147
18 P3

:: *:
7 31

14 53
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HSHB-MR-HI (40)

MEMORANDUM FOR Chief, Health Risk Assessment Branch

5 JAN 1934

SUBJECT: Evaluation of Additional Kuwait IIRA Samples for
Depleted Uranium (DU)

1. References:

a.
subject:

Hmmorandum, USAEHA, HPD, HSHB-HR-HI, 13 July 1992,
Evaluation of Kuwait Air Samples for Radioactivity

(enclosure 1).

b.
subject:

Memorandum, USAEHA, HPD, HSHB-MR-HI,  6 August 1993,
Evaluation of Original Kuwait HRA Samples for Depleted

Uranium (DU) (enclosure 2).

6.
subject:

Hemofandum, USAEBA, RAB, ESEIB-KL-RR,15 Dmcember  1993,
Results of Gross Alpha and Gross Beta Analyses of

Kuwait Air Piltus, Project No. 27022-824K (emclosure 3).

d . Title 10, eFR, 1993 rev, Part: 20, Standards for
Protection Against Radiation (U.S. Nuclear Regulatory
Commission).

International Commission on Radiological Protection
(I& RepoFt No.
1975.

23, Report of the Task Group on Reference Man,

f. CRC Handbook of Radiation Measurement and Protection,
Section A, Volume II: Biological and Hathematical Information,
copyright 1982 by CRC Press, Inc.

National Council on Radiation Protection and Measurements
(N& Report No. 95, Radiation Exposure of the U.S. Population
from Consumer Products and Miscellaneous Sources, 1987.

2. Purpose. To provide a health physics evaluation of air
filter samples collected in Kuwait and Saudi Arabia to assist in
efforts in dmtumining the potmntial health risks from oil well
fires.

3. General.

a. The Air Pollution Engineering Division (APED) implemented
an air sampling monitoring program to evaluate the potential
health risks from oil well fires in Kuwait, Saudi Arabia, and
their environment. An element of the health risk evaluation is
to determine the concentration of natural radionuclides (and
specifically DU) released into the air from the oil well fires'.

H-2
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HSHB-EIR-HI
SUBJECT: Evaluation of Additional Kuwait HRA Samples for
Depleted Uranium (DU)

b. The analysis and evaluation of tbe original air samples
(reference la) for radionuclides did not include data from two
areas of known troop ConcenWations  (Camp AMaly and the town of
Doha, hth in the -irate of Kuwait) during Operation Desert
Storm (reference lb)..

(1) Tventy-seven  samples from Doha (from both Camp
Thunder Rock and the tlN Building sites) were selected and
analyzed in order to complete the Health Risk Assessment.

(2) The two samples that were collected at Camp Abdaly
could not be analyzed due to the lack of a known air volume drawn
through the filters.

4. Air Filtu. Sample Evaluation.

a. The Radiochemistry Analysis Branch (RAB), Radiological
and Inorganic Chemistry Division,
filter samples collected in Doha.

received and analyzed 25 air
The air filter samples vere

collected by APED.

b. All air filter samples were analyzed for gross alpha and
gross beta-g- activities per unit volume.

(1) The sample results were reviewed for the potential
presence of DU. Since DU is an.alpha emitter, any sample with an
elevated alpha activity could be evaluated for the presence of
DU. However, further isotopic analysis, in addition to the
initial radionuclide screening, would be required to positively
identify DU, through detexaination  of percentages of abundance of
the various isotopes within the uranium radioactive decay series,

(2) If an analysis of any sample had indicated activity
statistically greater than the background samples (more than
three times), then additional analysis, to include isotopic
identification, vould have km done. This condition was not met
for any of the air filter samples evaluated either in this study
or that in reference la.

C. Since these samples were collected concurrently with the
group evaluated in reference la, the same background study
(reference la, paragraph 4b) may be used for this current
evaluation.

H-3



HSHB-l!lR-HI
SUBJECT: Evaluation of Additional Kuvait HRA Samples for
Depleted Uranium (DU)

4 (1) The average background concentration for gross alpha
radiation was measured to be 2.2 x lV" microcuries per rilli-
liter (fiCi/ml) of air, with a sample range from 6.7 x lo-l5 pCi/ml
of air to 4.1 x 10qu jbCi/ml of air.

(2) The average background concentration for gross beta
radiation MS measured to k 3.7 x lo'" fiCi/ml of air for gross
beta radiation, with a sample rang-  from 1.2 x 10"' pCi/ml of air
to 6.0 x 10"' pCi/al of air.

The air filter samples were analyzed as per reference lc
(encLre 3) .

(1) Analyses shoved that the average gross alpha
activity was 3.1 x 10Wu fiCi/ml of air.
ranged from 5.3 x lOmu

Gross alpha measurements
fiCi/ml of air to 7.5 x 10'" yCi/ml of air.

(2) The average gross beta was 3.6 x lo-l4 pCi/ml of air.
Gross beta measurements ranged from 4.8 x 1o"5 fiCi/ml of air to
5.6 x 10"' pCi/nl of air.

(3) The average radionuclide concentrations of the
samples vere consistent vith radionuclidr concentrations measured
in the designated samples collected for background determinations
(average gross alpha radiation background of 2.2 x lo"' pCi/ml
and average gross beta-gamma of 3.7 x 10”’ pci/ml).

(4) The laboratory results of the air filter samples
indicate no statistically significant differences betveen the
background samples and the samples collected to measure the
release of radioactivity into the air.

5. Exposure Assessment.

Thm avuage radionuclide concentrations obtained from the
laboktory analyses of the air filter samples can be compared
with those associated with the U.S. dose limit for individual
members of the genual public (i.e., reference Id, paragraphs
20.1301 and 20.1302(b) (2), and Table 2, Appendix B of paragraphs
20.1001-20.2402).

(1) This dose limit (100 millirem/year total effective
dose equivalent) and the associated radionuclide effluent
concentration values are for the assessment and control of
ionizing radiation exposure tb members of the U.S. public.

H-4



HSHB-MR-HI
SUBJECT: Evaluation of Additional Kuvait HRA Samples for
Depleted Uranium (DU)

(2) The annual average concentrations of radioactive
material released in a gaseouu effluent at the boundary of an
unrestricted area must not exceed the values specified in Table 2
in order to comply with the dose limits for members of the
general public.

(3) These concentration values are equivalent to
radionuclide concentrations which, if inhaled continuously over
the course of a year, would produce a Total Effective Dose
Equivalent (TEDE) of 50 millirem.

(4) The concentration values for some radionuclides of
interest are 6 x 10'" PCi/ml for uranium-238, 6 x 10-~’  pCi/ml  for
uranium-235, 5 x lo"* Wi/nl for uranium-234, 6 x 10"' fiCi/ml for
potassium-40, 9 x lo-" Ki/m.l for uranium-natural, 6 x 10eU kCi/ml
for thorium-232, and 1 x io"4
products.

b&/ml for radon-222 plus decay

b. The gross radionuclide concentrations measured in the air
filter samples are vell below the radionuclide concentration
values applicable to the U.S. dose ltiit for the-general public.
As a theoretical example,
radionuclide concentration

if the average air filter sample
(gross alpha), 3.1 x 10'" bCi/ml,

vere all uranium-238 (DU is 99.7% uranium-238), and were inhaled
continuously for a year, the Total Effective Dose Equivalent
would be less than the dose limit for the general public,
associated Vith the uranium-238 concentration value of 6 x 10mLJ
LrCi/ml given in Table 2 of the reference.

6. Dose Assessment.

In order to assess the health risk associated with a
speck radionuclide, such as DtJ (99.7* uranium-238) a worst
casa estimate could assume (incorrectly) that the en&e gross
alpha and gross beta concentrations measured in the air filter
samples are from DU. For such a theoretical scenario:

(1) In a single day, Reference Man (an internal
dosimetry model used for dose calculations see reference le)
would inhale 2.68 micrograms of DU, which is a factor of 5.36
higher than the average daily airborne intake of 0.5 micrograms
of uranium by Reference Man according to reference If, Table
5 . 5 - 4 5 .

H-S



HSHB-FIR-HI
SUBJECT: Evaluation of Additional Kuwait HRA Samples for
Depleted Uranium (DU)

(2) Even so, if Reference Han vue to breath these
concentrations for an entire year, the SO-year Committed
Effective Dose Equivalent (whole body) would be 186 nicrorem
(eXtrapOlated from reference If, Table 6.4-11).

(3) According to U.S.
non-radiation vorkus,

radiation protection standards for
individual m-8 of the general public

may receive 100 millirem (100,000 microrem) in any given year
[reference Id, paragraph 20.1301(a)(1)].  Therefore, the 50-year
Committed Effective Dose Equivalent given above is extremely low
(186 microrem or 0.186 millirem received over SO years << 100
millirem/year).

(4) In perspective, a comparison between this 500year
Committed Kffective Dose Equimlent (whole body) of 186 microrem
can k made vith the SO-yeer Committed Dose Equivalent (lung
dose) of 100 microram to 2000 microrem received by individuals
(estimated population of 18,000,OOO) living within a lo-mile
radius of thirty 1,000 IN, oil-combustion, electric generating
stations in the United States (reference lg).

7. Discussion.

a. It is understood that only two air samples were taken at
Camp AMaly due to the rapid departure of U.S. Forces.
neither sample contained the necessary information to be

Since

analyzed, it is suggested that Camp Abdaly be removed from
consideration in the Health Risk Assessment (at least from the
radiological standpoint).

b. Average background levels vere measured to be 2.2 x lo-"
pCi/ml of air for gross alpha radiation and 3.7 x 10'" pCi/ml of
air for gross kta radiation. Any dose assessments calculated
using the measured radionuclide concentrations from the air
filter eemples are veil below U.S. regulatory limits for the
general public.

C. This evaluation does not apply to subgroups such as tank
maintenance workers who prepared tanks with damaged DU shielding
or injured soldiers with DU shrapnel in their bodies.

8. Conclusions.

a. No radiological health hazards can appear to be
attributed to radioactive material detected on designated air
filter samples from the APED air sampling monitoring program.
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HSHB-HR-HI
SUBJECT: Evaluation of Additional Kuwait HRA Samples for
Depleted Uranium (DU)

Laboratory analyses of the air filter ramp&es indicate that alpha
and beta-gamma activities, which also could suggest the presence
of DU, were not significantly different from the alpha and beta-
gamma activities detected on the background air filter samples.

b. The air filter sample analyses imply that the
radiological health risk to the DOD population-at-large in Kuwait
and Saudi Arabia from the oil well fires, with their resultant
air guality, was no greater than that of a comparable nature, and
within dose limits,
tion.

to individuals of the general U.S. popula-

9. Recommendations. None.

10. Points of conact  are Mr. David Alberth and 1LT Robert
Friedaran, Ext. 3502.

3 Encls
as Chief, Industrial Health Physics

Branch
Health Physics Branch

CF:
DRES
DLS
c, HPD
C, HHPB
c, Tox
c, RAB
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HSHB-MR-HI (40) 13 JUL w2

EMOWLNDU?~  FOR Chief, Waste Disposal Engineering Division

SUBJEm: Evaluation of Kuvait Air Samples for RadioactiviTy

1. References:

a. Memorandum, USAEKA, HSHB-ME-S, 31 May 1991, subject:
Request for Assistance.

b. Memorandum, USAEHA, HSHE-KR-H,  2 August 1991, subjecz:
Radioactivity Released in Burning Petroleum in Kuwait.

C. Memorandum, USAEHA, HSHB-ML-RR, 18 March 1992, subjecz:
Results of Gross Alpha and Gross Beta Analyses of Kuwait Air
Filters, Project No. 38-26-K197 (enclosure 1 with attachment).

d. National Council on Radiation Protection and Measurements
(NCRP) Report No. 95, 30 December 1987, Radiation Exposure of the
U.S. Population from Consumer Products and Miscellaneous Sources.

2. Purpose. The evaluation of air samples collected from the
Republic of Kuvait was performed to assist in your efforts tfi
determine the potential health hazards from oil uell fires in %e
Republic of Kuuait.

3- General I

a. The Air Pollution Engineering Division imple-ented an al:
sampling monitoring proqram to evaluate the potential heal:5
hazards from oil well fires in the Republic of Kuwait and its
envi ronment . An element of the health hazard evaluation was-t3
determine the concentration of natural radionuclides  released into

the air from oil well fires.

b. There is very little radiological environmental data
available for estimating the concentrations of natural
radionuklides from the combustion of oil in the Republic of Kuwait.
However, fossil fuels (coal, oil and natural gas) as used by
industry and the general public in United States of America,
releases radionuclides as an unwanted byproduct which could lead tr
an unvanted radiation exposure to the general public and the
environment. Generally, the radionuclides of concern are
potassium-40 (X-40); the thorium series (Th); the uranium series
(U) ; radon-222 (Rn), and lead-210 (Pb-'I") ; however, specific
radionuclide determination vas not performed because the detected
gross activities were too low to perform this procedure. Estimate-:
of natural occurring radionuclides in the earth's crust have been
made, however, the concentration of natural occurring radiorsclides
varies quite widely in nature. Geographic location and qeoioqiczl



HSHB-M-R-HI
SUBJECT: Evaluation of Kuwait Air samples for Radioaczivity

oriqin of soils as well as climatic, and hydrological history are
important in this regard.

3. Pathway Ahalysis- As a result of the potential distribution of
natural radionuclides within the Kuwait environment from oil veil
fires, the public could receive radiation exposure through
inhalation, through external exposure from radioactive materials
deposited in the ground, through resuspension of this material into
the air, and through the movement of the deposited radioactive
material within the terrestrial, aquatic and marine food chains.
The air sample results indicate that only radiation exposure
through inhalation should be considered for this evaluation-

4. Air Sample Evaluation.

a. The Radiological Analysis Branch, Radiological and
Inorganic Chemistry Division received and analyzed 174 air samples
collected in the Republic of Kuwait- The air samples were
collected by the Air Pollution Engineering Division. All air
samples were analyzed for gross alpha and gross beta-gamma
activities per unit volume of air.

b- The Air Pollution Engineering Division identified 45 air
samples as backqround air samples; Background air samples vere
collected from Eskan Riyahd; KKK; and Eskan Village. All of the
areas vere upwind locations from the oil well fires. The average
gross alpha activity for all background air samples was 2.2 X IOvLJ
microcuries per milliliter (uCi/ml) of air. The gross alpha
activity for all background air samples ranged from 3 low of
6.7 X 10." uCi/ml of air to a high of 4.1 X 10“' ucijml of air. The
average grOSS hem--gamma  activity for all background air sampies
vas 3.7 X lo*" uci/rl of air. The gross beta-qamma activity for
all background air samples ranged from a low of 1.2 x 10-” uci/ml
of air to a high of 6.0 X 10"* uCi/ml of air. Enclosure 1 has the
results of all background air samples-

C. The rmaininq  129 air samples were collected downwind in
the smoke plume from the oil well fires. All air samoles were
analyzed for gross alpha and gross beta-gamma activities. The
average gross alpha activity for all air samples was 2.2 X lo-'*
uCi/nl of air. The gross alaha aeivitv for all air samples ranged
from a low of 7.6 X 10"' uCi/ml of air to a high of 5.7 X 10"'
uCi/ml of air. The average gross beta-gamma activity for all air
samples was 4.1 X lo"' uCi/ml of air. The gross beta-gamma
activity for all air samples ranqed from a low of 1.7 X LO"' uCi/';nl
if air to a hiqh of 8.0 X 10“' uSl/nl of air. Enclos-zre  1 has the
results of all downwind air samples.
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HSHB-.X-R-HI
SUBJECT: Evaluation aC Kuuait Air samples for Radioactivity

d. In general, the gross alpha and gross beta-gamma activities
observed in the background air samples and the air samples
collected in the smoke plume from oil well fires indicate that
there is no significant differences betueen the two groups of ai=
samples. The gross alpha and gross beta-gamma activities detected
in air samples collected from the smoke  plume of oil well fires are
essentially natural background radiation. When we compare the
release of natural radionuclides from oil uell fires in'Kuwait wit5
the release of natural  radionuclides in the United States
environment, from the combustion of oil for the generation of
electricity the radionuclide released in the United States appears
to be higher (Reference paraqraph Id).

5. Conclusion. A review of the air sample data indicates that
there is no radiological  health hazards resulting from the oil ueii
fires in the Republic of Kuwait.

6. Recommendations. None..

7. The point of contact for this evaluation is Hr. Allen
Hilsmeier, exf. 3502/3526.

%Cl
ds C,?ief, Ixiuszrial Health ?hy.sics

Bran&
5lealt.l ?kysics 9ivision
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HSHB-MR-HI (40) 6 AM993

MEMORANDUM FOR Chief, Health Risk Assessment Branch

SUBJECT: Evaluation of Original Kuwait HRA Samples for Depleted
Uranium (DU)

1. References:

a. Memorandum, HSHB-MR-HI, USAEHA, 21 July 1993, subject:
Request for Depleted Uranium (DU) Sampling Criteria for Kuwait
Oil Fires Health Risk Assessment Team.

b. Memorandum, HSHB-EIR-HI, US-, 12 July 1992, subject:
Evaluation of Kuwait Air Samples for Radioactivity.

2. Analysis and evaluation of 190 air samples out of approx-
imately 1000 applicable samples (e.g., PM: particle size < 10
microns in-diameter) collected by the USAEHA Team were analyzed
fo,r gross alpha and beta radioactive contamination, but not
specifically for DU. DU is primarily an alpha emitter and would
have been detected in such analyses. No radioactivity above
background levels was detected. There was no significant
difference between the average concentrations of radioactivity
from samples taken upwind from those taken downwind.

3. The 190 selected air samples were analyzed in March 1992. In
reviewing the data by sampling location, since air samplers were
placed where the troop concentrations were, the following
information was obtained:

#ces Location

41 Al Khobar 0 Camp Abdaly

7 Camp Freedom

21 camp 1

27 Al Jubail
6 Jubail

4
10

0

Eskan Rihahd
Eskan Village

Camp Thunder-
rock (Doha)

24 Military Hospital
33 KKK
17 U.S. Embassy

190 Total Samples



HSHB-KR-HI
SUBJECT: Evaluation of Original Kuwait IiRA Samples for Depleted
Uranium (DU)

4. In order to utilize the available air samplinsdata by troop
location to address the risk of ionizing radiation'from the
Kuwait oil fires for the Health Risk Assessment, either the Camp
Abdaly and Camp Thunderrock locations should be deleted or more
samples should be counted from these two locations.

5. It is understood that limited sampling was done at Camp
Abdaly due to the rapid departure of U.S. Forces; however, over
120 air samples were collected at Camp Thunderrock (Doha). The
Health Physics Division recommends that, if these sites are to be
included in the BRA, more samples from Camp Abdaly be counted and
approximately 30-40 more samples from Camp Thunderrock be
counted. To be consistent with the analyses already completed
these extra samples should be counted for gross alpha/gross beta
contamination. Discussion- yith the Chief, Radiochemistry
Analysis Branch, RICD, DLS, indicates that this in-house analysis
vi11 cost approximately $1,465 and take approximately 2 months to
provide laboratory analysis results to the Health Physics
Division. If isotopic uranium analysis is performed (this is not
the recommended option) on all of the samples previously
analyzed, use of an outside contractor will be necessary. By
using an outside contractor, it will cost $22,500 and take
approximately 6 - 12 months.

6. Our basic conclusion for the Kuwait Health Assessment Report
remains: "No radioactive contamination above background levels
was detected in the air samples analyzed for gross alpha and beta
radiation, which would include radiation from DO. There was no
significant difference between the average of concentrations
taken upwind from those taken downwind."
levels were measured to be 2.2xW'

Average background
microcuries per milliliter of

air for gross alpha and 3.7~10'" microcuries per milliliter in
air for gross beta radiations, which is well below regulatory
concern- There was negligible risk to the DOD population-at-
large in Kuwait from any ionizing radiation risk due to the oil
fires. This does not apply to sub@oups such as tank maintenance
vorkers who prepared tanks with damaged DU shielding or soldiers
injured with DU shrapnel in their bodies.
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HSHB-ML-RR
SUBJECT: Results of Gross Alpha and Gross Beta Analyses of
Kuwait Air Filters, Project No. 27-22-324K

12. All results listed in the enclosure hav: been reported
two significant figures. This has been done to facilitate
generation and eliminate manual transcriptions of the data-

13. Point of contact for additional information is
Hr. Ronald J. Swatski or Ws. Prances Szrom, extension 5-398

Encl R&JU1
Chief, Radiochemistry
Analysis Branch
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HSBB-ML-RR (385-U& i-iDEC 1993
MEMORANDUM FOR Chief, Health Physics Division (1LT Friedman)

SUBJECT: Results of Gross Alpha and Gross Beta Analyses of
Kuwait Air Filters, Project No. 27-22-E24K

1. The additional gross alpha and gross beta analyses of 26 air

filters from Kuwait are complete. The results of these analyses
are listed in the enclosure.

2. The methodology employed in the air filter analyses was an
adaptation of our Gross Alpha and Gross Beta in Soil procedure.
An aliquot of each air filter was counted for alpha and beta
particles. Average alpha and beta filter background count rates
were subtracted-from the gross alpha and beta particle count
rates. Then, alpha and beta counting efficiencies were assigned
and alpha and beta activities calculated based on the volume of
air that was drawn through the filter.

3. Average alpha and average beta filter background count rates
were subtracted from each sample's gross alpha and gross beta
count rates respectively. The average count rates for the filter
backgrounds were determined by averaging several,alpha and beta
count rates of aliquots from unused filters. These filter
background aliguots were the same size, shape and area as the
actual filter aliguots counted for each sample.

4. Alpha and beta counting efficiencies were based on the weight
of particulate matter deposited on the filter aliguot. Basing
the efficiencies on the particulate matter weight compensates for
self-absorption in the particulate matter.

5. The particulate matter weight on the filter aliguot was
calculated by multiplying the weight of particulate matter on the
entire filter (from validated APED dBase files) by the percent of
the filter counted. The percent of filter counted was determined
by dividing the area of the filter aliguot by the filter's total
active area (area over which particulate matter was deposited).

6. Since several destructive analyses, such as metals analyses,
had been performed on portions of each filter prior to us



HSHB-ML-RR
SUBJECT: Results of Gross Alpha and Gross Beta Analyses of
Kuwait Air Filters, Project No. 27-22-324K

a

$
receiving the filters, we could not directly measure the size of
the entire filter's active area. The entire filter's active area
was estimated based on measurements of unused filters. Based on
these measurements, we estimated that the filters active areas
were approximately 22.9 cm by 18 cm. If this estimation is
inappropriate for any filter then the results listed in the
enclosure for that filter are incorrect and must not be used.
If necessary, results will be re-calculated after we are
furnished with actual entire filter active areas.

7. Listed in the enclosure are filter information and results.
Filter information was combined from validated APED dBase files,
an XAB spreadsheet file, and RAB instrument files. The
information was used to calculate the results listed in-the
enclosure.

8. Duplicate analyses were performed on approximately 10% of the
filters. Two aliquots were analyzed from the same filter as
described above. Results of duplicate filters are indicated in
the enclosure by appending the suffix "dupn to the laboratory
number. The duplicate analysis is listed immediately following
the original analy8is. For example, laboratory numbers Y6461 and
Y6461-dup refer to the original analysis and the duplicate
analysis of Y6461, respectively.

9. Several filters were counted for which data did not exist in
the APED files. Therefore, a filename does not appear in the
"APED DBF Filename" column of the enclosure. The volumes and
weights, if listed for these filters, were calculated from
information recorded on the filter envelopes.

10. Information to calculate the air volume of filters Y2111 and
Y2779 was not listed on the envelopes. Therefore, results could
not be calculated and are indicated in the various result columns
by "ERR".

11. Results listed include the alpha lower limit of detection
(Alpha LLD), beta lower limit of detection (Beta I&D), alpha
activity (Alpha Act), alpha counting uncertainty at the 95%
confidence interval (Alpha Uric), beta activity (Beta Act),
and beta counting uncertainty at the 95% confidence level
(Beta Uric). All result units are microcurie per milliliter of
air (uCi/ml).
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HSHB-MR-HI
SUBJECT: Evaluation of Original Kuwait HRA Samples for Depleted
Uranium (DU)

7. Points of contact within the Health Physics Division are
Mr. David Alberth or 1LT Robert Friedman, x-3502.

P
HARRIS EDGE

n)chief, Industrial Health Physics
Branch

Health Physics Branch

CF:
DRES
DLS
C, HPD
C, MHPB
C, TOX
C, RAB

3



a

a

a



DEPARTMENT OF THE ARMY

U .  5. ARMY  ENVIROIYENTAL  HYGIENE ACENCf
A B E R D E E N  P R O V I N G  G R O U N D .  M A R Y L A N D  2101P6422

FINALmRT
KUWAIT OIL FIRE HlwLTH Rx!3K ASSESSMENT

NO. 39-26L192-91
SMAY-3DECEMBERl991

APPENDIX I
RESPONSE TO COMMENTS ON

INTERIM KUWAIT OIL FIRE HIXLTH  RISK ASSESSMENT

l.PURmSE.  nlisqxndixaddrtssesallcomme&s raxivaicodgtheIntelim
Kuwait Health  Risk Assessment report. Appmprb  rcfuaca are cited where necessary.
For clarity, each entity which provided comma  is ident%ed  with the headtog  as listed on
the comments received. The comments have not teen grwped or in any way altered.
~leasenotethatgraphspnwidedbymriewashave~~soasnottoaltertheit
MialXandYaxissvalues.)  Themadershddnotkethatsevexalreviewgroupshave
provided similar wmments which are repetiveiy answered iu their reqxtxive  section.

2. COMMENTS  FROM m AND RESPONSES FROM THE USAEHA.

A. UNTIED STATES ENVIRONMENTAL PROTECnON AGENCY
Environmental criteria and -ent OfEke @fD52)
Reszch Triangle park,  North Carolina  27111

February 24,1993

Major William w
U.S. Eakronmd  Hygiene Agerq
Building E-167
A.&den  F!roving  Ground, MD 21OlG5422

Dear Major kgg:

Enclosed please fmd a set of EPA review comments on the d&t U.S. Army Kuwait Oil Fire
H&kh Risk Assessment (No. 39-261192-91) forwarded last fall for review by pertinent EPA
units. My apologies for the long delay in finally getting  tke comments off to you, but as

-. noted in our past few phone conversations, higher priority i.mm&ate  EPA demands (e.g.,

I-l
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budget preparation/submittal  tasks) have preempted our being able to wrap up review of the
subject Kuwait Oil Fire Risk Assessment. The enclosed c0mments  integrate inputs not only
from my ECAO/RTP  staff and myself but also from several other EPA units, e.g., AREAL
(our atmospheric monitoring/modeling lab) and our fellow OHEA Human Health Assessment
Group @HAG) in Washington, DC.

Our comments focus first on some genetal  issues/concems  regading  (1) organization/
structureofthedtaftrisk assessment  nmerhls  and recommendations for teorga&i.ng  the
stxucture to make it more understandable; and (2) aspeas regarding PM exposures as
probably the single most significant potential health risk to evaluate. Other specific
comments then follow the general ones and ti with more specific issues, wording
cmrections,  etc.

We hope you End the EPA comments to be helpful in rwising/improving  the subject Kuwait
Oil Firts assessment materials. Please feel free to contact me (Phone: 919-5414173;  FAX:
919-541-5078)  for further &rift&on/assistance  on the matter.

sincereiy yours,
Lester D. Grant,  Ph.D.
Dimctor,  Environmental Criteria and Assessment Oflice

Knclosufu

USAEHA  mnse: Noted.

US. EPA REVIEW OF U.S. ARMY INTERIM KUWAIPOILFIREHEALTEZRISK
ASSESS~ (No. 39-26-l 192-91)

I. BACKGROUND

The U.S. Amy ~kthis~~risk~ment~)tOcharacterizetherisk,both
Gmcerandnon-, toU.S.DODperswnelandAlliedtrwpsandciviliansexposedto
theen~~affeaedbytheoilfiresdutingandafteroperationDesertStorm.  The
project consisted of * main areas: (1) an environmental monitoring effort, with a
subsequent HRA; (2) an industrial hygiene sampiing  study; and (3) a biological surveillance
initiative. Upon their completion, the three studies will be incorporated  into one report.  The
pwnt review fuses on the monitoring effort and conesponding  HRA. Insufficient data
and discussion were provided to allow review of the other two efforts. The industrial
hygiene survey was to characterize the occup&mal  exposures of DOD personnel who had
potentially high risk exposure to oil fire emissions. Results and data interpretation by the
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U.S. Army of the biologi&  surveillance initiative will not be available until the final HEW is
relcz~~L For the monitoring effort, ambient air sampling was conduct4 from &ay 5
through September 15, 1991 in bth Kuwait and Saudi Arabia. The analyses and conclusions
of the present draft repott reviewed are based  on those data. Samples collected from
September 16 through December 2,191 will be analyzed and rq~~tted  in the final HRA.
The draft rept draws the following main concltions  from the environmental monitoring
and HRA effort:

A. Health Risk Assessment

The data presented for the criteria air pollutants ate single average values for particulates,
nitrogen dioxide, and sulfur dioxide for all of Kuwait and for all of Saudi Arabia. Based on
these single average values, the report  concludes that the “magnitu&  of exposures was low
compared  to re&g&ed occupational h4th stat&r&. “The total predicted non-cancer risk
from non-criteria air to& pollumnts  was calculated by summing hazard  quotients calculated
for individual conmminams  of concern. This summation resulted  in a Hazud Index (HI).
The HI’s for all pathways and roum of eqsute range in value from one to four. The
majority of non-cancer risk comes from the inhalation  of metals,  in particular chromium,
which represents over 99 percent of the risk+ This chromium contamination is believed to be
from natural and anthropogenic  so-, and not from the oil fires.

The total predicted excess cancer  risk estimated to result from human exposure to the Persian
Gulf environment ranged  from 2x10-7 to 5x10-7. These cancer risk levels are below the EPA
range of concern of 104 to 10-6. Also, there is little difference in the cancer risk levels
estimated for any of the sites monitored.

B. Air pathwav Anal-

Based on the analyses thus far, only tbe magnitude of human exposure has been detetmined.
The frequency and duration of exposure will be addrmedillthefinalHRA.

Oil~pollutantsmaynathavemadeasignificanttm~~toadegradatonofthe
pre-war air quality. cumpariison of these data with historical air quality data indicates  that
the air quality at ground  level-at some sampling sites was &tter in 1991 than in previous
years,  for some pollutants. .

Mean concentration values for organic compounds were found to be comparable to levels in
Houston and Philadelphia. Genetally, concentrations of polycyclic aromatic hydrocarbons
were at or below detection limits. While high levels of particulate matter were measured,
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such levels are considered “normal” for this area of the Middle East. Relatively high
co~~cen~ons of naturally occurring metals ass&a&d  with wind bbwn surface  soils were
observed.

Regional air quality trends were more strongly in.flM by site-F& factors such as
terrain, geography, atmospheric dispersion, source charaderistics,  chemical fate, and
meteorology, and were not as strongly Sluenced  by the extent of contamination of the
SOUrCeS.

c. 0‘s

The few increases in concentrations of metals that occurred are probably not fm-related, but
are of natural or anthrol~genic  background.

Il. REvlEwcoMMENTs

A. General Comments

In general, the draft report, as now written, is a cumbersome assemblage of data, on which
lengthy calculations have been executed, but out of which only~limited  information has been
distikd.  Additionally, the organdion of the report is very erratic, appearing  as if the
report is a compilation of various sections prepared by different authors and without any
comprehensive editing.

It is recommended that consideration be given to reorganize the next version of the xqWrC to
tmt relevant topics in the following idd sequence, so as to enhance its logical flow and
improve undetstanding  of reported  information:

Rejected. The sequencing of the discussions in this report follow theUSAEHA  m
guim set forth in the EPA document  “Risk Assessment Guidance for Superfund  Volume
I Human Health Evaluation Manual m A), EPN540/1-89/002;  December 1989.” This
methodology was chosen for its acceptance in dealing with human health  risk in the scientific
and engineering coqnmunities.  Specific responses are provided for the following sub-
discussions.
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